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EXCUTIVE SUMMARY 
Greenhouse gas emissions as a consequence of the human activities are causing alterations 
of the climate system (IPCC 2007). Agriculture is an important source of greenhouse gas 
emissions, contributing for approximately 10-12 % of the total global anthropogenic 
greenhouse gas emissions. 
Mitigation refers to lowering emissions and mitigation policy is greatly influenced by barriers 
to behavioral change. As consequence of the global mitigation policy, European agriculture 
has to face new policy objectives derived from the need to reduce greenhouse gas 
emissions. The adoption of agricultural practices for GHGs mitigation is a challenge for 
European farmers and farmer’s advisors. There is a need to develop the information on how 
cultural and social factors (such as education, information, traditional local practices, among 
others) and policy incentives interact for making possible the implementation of mitigation 
measures. 
The present master thesis aims to define soil and crop mitigation practices among the 
different European countries and what factor are influencing the adoption of them in a case 
study of Spain. This study aims to analyze and stimulate the development, testing and 
adoption of mitigation practices at the regional and local level in order to inform European 
policy of the potential mitigation measures in agriculture. Three main components draw the 
development of this study: 
Background information on emissions and mitigation practices at the European level in 
relation to crops and soils management are presented in the study. The study aims to 
contribute to the better understanding of the challenges for the applicability of the mitigation 
practices in agriculture, with consideration of the most relevant farming systems and key crop 
and soil management practices in Europe (EU-27). Currently, the predominant main farming 
systems in EU-27 are field crops, mixed farms and pasture and grasslands. Most of EU-27 
regions reflect low rates of crop and soil mitigation practices implementation. 
Selection of potential mitigation practices and identification the most adequate practices by 
consulting an expert panel and carrying out a Multi-criteria Analysis (MCA) for two future 
climate scenarios. It addresses the relative mitigation potential of each mitigation practice 
selected. At this point, the most suitable agricultural practices to enhance mitigation by the 
experts’ criteria are the adoption of optimized fertilization and cover crops. 
Identification of possible barriers for the implementation of each considered practice in a 
case study of Spain. The study assesses the different socioeconomic and environment 
factors which are influencing the adoption of those measures for the farmers by conducting a 
wide-survey and econometric analysis. The scientific dissemination about technical 
management and agricultural policies of mitigation practices have to reach the farmers by 
improvements on extension services. The study also showed the economic factor to have 
very significant impact on the implementation of mitigation practices. 
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RESUMEN EJECUTIVO 
Las emisiones de gases de efecto invernadero como consecuencia de las actividades 
humanas están provocando alteraciones en el sistema climático. La agricultura es una 
fuente importante de emisiones de gases de efecto invernadero y contribuye 
aproximadamente entre un 10-12% del total de emisiones de origen antrópico. 
Las políticas de mitigación de gases de efecto invernadero están influenciadas en gran 
medida por barreras derivadas de cambios en el comportamiento humano. Como 
consecuencia de las políticas de mitigación globales, la agricultura en Europa tiene que 
enfrentarse a nuevos objetivos que responden a la necesidad de reducir emisiones de gases 
efecto invernadero. La adopción de prácticas agrícolas para mitigar los gases de efecto 
invernadero es un reto para agricultores y servicios de asesoramiento europeos. Por lo tanto 
hay una necesidad creciente de entender cómo interactúan los factores socioculturales 
(educación, conocimiento y hábitos de manejo entre otros) con los incentivos políticos que 
hacen posible la adopción de medidas de mitigación.  
El objetivo de la presente Máster Tesis es definir las prácticas de mitigación de gases de 
efecto invernadero en suelo y cultivo para los diferentes países de Europa e identificar qué 
factores tienen mayor influencia en la adopción de estas prácticas en un caso de estudio en 
España. Este estudio trata de analizar y estimular el desarrollo, la experimentación y la 
adopción de prácticas de mitigación a nivel regional y local, con el fin de aportar información  
válida sobre posibles medidas de mitigación en la agricultura a la política europea. Hay tres 
elementos principales que componen este estudio: 
Información básica sobre las emisiones y las prácticas de mitigación a nivel europeo en 
relación con la gestión de los cultivos y de los suelos. El estudio tiene como objetivo 
contribuir a un mejor entendimiento sobre los retos que se presentan en la aplicación de las 
prácticas de mitigación en la agricultura. Para este fin, se lleva a cabo un mapeo de los 
sistemas agrícolas más relevantes, y de los cultivos y las prácticas clave en Europa (UE-27). 
En la actualidad, los sistemas de producción predominantes en la UE-27 son los cultivos de 
extensivos, sistemas de explotación mixtos, pastos y praderas. La mayoría de las regiones 
de la UE-27 reflejan tasas bajas de implementación de prácticas de mitigación en suelo y 
cultivo. 
Selección de prácticas de mitigación potenciales e identificación de las prácticas más 
adecuadas mediante la consulta de un panel de expertos y la realización de un Análisis 
Multicriterio (MCA) para dos escenarios climáticos futuros. El análisis evalúa el potencial de 
mitigación respecto de cada una de las medidas seleccionadas. En este punto, las prácticas 
agrícolas más adecuadas para ayudar a mitigar los gases de efecto invernadero, según el 
criterio de los expertos, son la optimización de la fertilización y las cubiertas vegetales. 
Identificación de posibles barreras para la adopción de las prácticas seleccionadas en un 
caso de estudio en España. El estudio evalúa los diferentes factores socioeconómicos y 
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medioambientales que influyen en la adopción de estas medidas por los agricultores 
mediante la realización de una encuesta y de un análisis econométrico. La divulgación 
científica sobre las técnicas de manejo y las políticas agrícolas de las prácticas de mitigación 
tiene que llegar a los agricultores mediante los servicios de extensión. Así mismo, el factor 
económico tiene un impacto muy significativo en la adopción de prácticas de mitigación. 
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1. INTRODUCTION  
This study has been carried out in the framework of the PhD and Master Program of 
Agricultural Economics and Natural Resources of the Universidad Politécnica de 
Madrid (UPM). The work contributes to the evaluation of mitigation practices in 
agriculture aiming to inform European and local policy development.  
The research has been completed within the SmartSOIL project (www.smartsoil.eu) of 
the 7th Framework Programme of the EU, in collaboration with Wageningen University. 
The field work was carried out in collaboration with the CSIC in Aula Dei. 
 
1.1. Context: The need for reducing greenhouse gases  
Greenhouse gas (GHG) emissions as a consequence of the human activities are 
causing alterations of the climate system (IPCC 2007). The amounts of gases in the 
atmosphere define the changes in the climate systems that in turn define the impact on 
society and the environment. Mitigation refers to lowering emissions and mitigation 
policy is greatly influenced by barriers to behavioral change (Stern, 2007; OECD 2012).  
The most recent projections included in the next generation of scenarios 
“Representative Concentration Pathways (RCPs)” (Moss et al., 2010) that will be 
included in the fifth Assessment Report (AR5) of the Intergovernmental Panel on 
Climate Change (IPCC), still forecast large increases in GHG concentration with 
respect to the present decade. These projections range from a stabilization level about 
490ppm CO2 equivalence (RCP2.6) up to about 1,370ppm CO2 equivalence (RCP8.5) 
at the end of 21 century (Moss et al. 2010).  
The last report from the European Environment Agency (2013) describes the most 
recent emission inventory information provided by the Member States of the European 
Union (Directive 2001/81/EC), confirms eleven Member States exceeded their 
respective nitrogen oxides (NOX) ceilings for 2010 (Austria, Belgium, Denmark, France, 
Germany, Ireland, Luxembourg, Malta, Netherlands, Spain and Sweden). Seven of 
these Member States (Austria, Belgium, France, Germany, Ireland, Luxembourg and 
Spain) continued to breach this ceiling in 2011, and particularly Spain exceeded two 
ceilings (for NOX and NH3) in 2010 and 2011 (EEA 2013).  
Agriculture contributes significantly to the GHG emissions (Smith et al. 2007b). As 
consequence of the global mitigation policy, European agriculture has to face new 
policy objectives derived from the need to reduce greenhouse gas emissions (GHGs). 
The adoption of agricultural practices for GHGs mitigation is a challenge for European 
farmers and farmer’s advisers. Although the knowledge of advisors related to soil 
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sustainable management is very comprehensive (Soane et al. 2012.), some aspects 
related to GHGs mitigation need further understanding to reach standardized practices 
that meet the new policy objectives (Ingram and Morris 2007). In addition, there is a 
lack of knowledge on how cultural and social factors (such as education, information, 
traditional local practices, among others) and policy incentives interact for making 
possible the implementation of mitigation measures (COECD 2012). 
Agricultural management and mitigation practices to reduce greenhouse gases have 
been widely researched (Smith 2004; Aguilera et al. 2013), but there seem to be a lack 
of information on the farmer behavior and the determinants affecting farmers for the 
adoption of mitigation practices (Prager and Posthumus 2010). Furthermore, there 
seem to be a need to develop this information in detail for cooperating with new policy 
objectives of Common Agricultural Policy to improve the effectiveness of mitigation 
measures. 
 
1.2. Objectives 
The present Master Thesis aims to evaluate potential mitigation measures in European 
agriculture and to test the implementation of mitigation measures at the local level. The 
results will be useful to inform European policy of the potential agricultural measures at 
regional and local levels, therefore contributing to policy development and information 
to farmers’ advisory services (Figure 1). The specific objectives include: 
(a) To evaluate the potential mitigation measures in European agriculture at the 
regional level. The work is carried out by: 
− Review of the state of the art scientific knowledge on mitigation practices in 
agriculture and farmer’s adoption at the European level.  
− Mapping the European mitigation potential by characterization of typical farming 
systems and key crop and soil management practices in Europe (EU-27). 
(b) To test the implementation of mitigation measures at the local level in a case study 
in Aragón (Spain). The main goal of this component is to assess the factors which 
influence the willingness of farmers to adopt agricultural practices to mitigate 
greenhouse gases in soil management. To reach this objective, the following tasks 
are carried out:  
− Identification and selection of the potential mitigation practices based on the 
European mapping and on a survey of previous studies. 
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− Prioritization of the most adequate practices by consulting an expert panel and 
carrying out a Multi-criteria Analysis (MCA) of their responses under two climate 
scenarios. 
− Assessment of the adoption’s determinants of the selected mitigation practices 
by conducting a wide-survey and an econometric analysis. 
 
 
Figure 1. Objectives of the thesis 
 
1.3. Structure 
The remainder of this paper is organized as follows. In the next section we present a 
brief literature review on greenhouse gas emissions and mitigation practices adoption. 
Section 3 describes the data sources as well as the variables and the empirical models 
used. Analysis results are assembled in Section 4, 5 and 6. Finally the conclusions of 
the empirical analysis then follow in Section 7 to suggest directions for further research 
that is pointed out in section 8. All tables and figures in the study are own elaboration.  
SPAIN CASE STUDY
Barriers to 
adoption
Prioritization of 
practices
Definition of 
practices
RECOMMENDATIONS FOR POLICY DEVELOPMENT
AND FARMERS ADVISORY  SERVICES
Mapping of 
mitigation practices
EU-27  STUDY
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2. BACKGROUND  
2.1. Greenhouse gas emissions mitigation in agriculture 
Agriculture is an important source of GHG emissions, contributing for approximately 
10-12 % of the total global anthropogenic GHGs (c.a. 6.1 Gt of CO2 equivalent (eq) per 
year in 2005) and accounts for about 47% of methane (CH4) and 58% of nitrous oxide 
(N2O) of total anthropogenic emissions for both gasses (Smith et al. 2007b). On a 
global scale, the main sources of GHGs release from agriculture into the atmosphere 
are: (i) the significant amount of CH4 mainly from livestock, enteric fermentation and 
from rice cultivation (ii) the significant amount of nitrous oxide N2O mainly from soils 
emissions and manure management; and (iii) the lesser amount of carbon dioxide 
(CO2) from decay or burning of plant litter and soil organic matter (Snyder et al. 2009;). 
These three GHGs associated with agriculture have the common characteristics to be 
chemically stable and long-lived gases influencing on the global climate in the long-
term (UNFCC 2008). 
Agriculture from European Union (EU-27) contributes for approximately 9.2 % (462 
million t of CO2 equivalent (eq) per year in 2007) of the total EU-27 anthropogenic 
emissions. The percentage represents around 5% of nitrous oxide (N2O) and 4.2% of 
methane (CH4) (EC 2010). Agriculture from Spain contributes for approximately 11.2 % 
(40 million t of CO2 equivalent (eq) per year in 2010) of the total Spain anthropogenic 
emissions (MAGRAMA 2012a). 
Increases on the level of emissions in the atmosphere by anthropogenic interference 
with the climate system are expected in the future if the population and economy 
continue growing with the same fossil fuel consumption (Moss et al., 2010). Future 
consumption scenarios are also expected with consequences for agricultural 
production and GHG emissions, since agricultural activities are ultimately a result of 
food demand and diet changes (Popp et al. 2010; Bennetzen et al. 2012). 
Greenhouse gas emissions from agriculture are a global problem, but agriculture also 
offers a great opportunity to mitigate GHG emissions by adequate management of 
farming systems aimed to enhance soil organic carbon sequestration and storage, 
nutrient use efficiency and effectiveness (Smith et al. 2007b; Snyder et al. 2009).  
The United Nation Framework Convention on Climate Change (UNFCCC) process 
recognize the significant function of agriculture in the global efforts to deal with climate 
change and to stabilize GHG concentrations in the atmosphere to avoid threats for food 
production (UNFCC 2008). The UNFCC Parties (Conferences of the Parties) (COP) 
assess improvements and progress on climate change and they also negotiate the 
Kyoto Protocol commitments and responsibilities to mitigate GHG emissions by 
countries. All Parties have been committed to cooperate in the development, 
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dissemination and adoption of mitigation practices that reduce anthropogenic GHG 
emissions from agriculture, taking into consideration their specific national and regional 
development, objectives and emission level (UNFCC 2008).  
Roughly, the European Union (EU-27) shares a collective target to reduce greenhouse 
gas emissions by 20% in 2020 below their 1990 levels, with different individual targets 
depending on their emission level (EEA 2010). The European Trading Scheme (ETS) 
regulate these emissions but it does not cover the diffuse sectors such as agriculture 
and transport. The diffuse sectors are subjected to emissions control measures by 
individual Member States in the EU with 10% reduction in 2020 compared to the 2005 
baseline (Böhringer et al. 2009). Member State greenhouse gas emission limits for 
Spain are 10% in 2020 compared to 2005 greenhouse gas emissions levels (OJEU, 
2009). 
As consequence of the global mitigation policy, European agriculture policy promotes 
different measures to reduce agricultural GHG emissions whilst maintaining the 
economic viability. The last reforms of the Common Agricultural Policy (CAP) support 
agro-environment measures and the setting of farm advisory systems to protect the 
environment and to control climate change (Kahil and Albiac 2013). Further integration 
of mitigation concerns will be explored in the development of the new CAP post 2013 in 
order to make stronger mitigation actions in agriculture (EC 2010). These actions 
should be based on: (i) agricultural practices with highest mitigation potential that 
preserve and enhance carbon stocks in agricultural soils; (ii) further research on the 
interrelation of mitigation options for agriculture with other societal objectives and 
supported at national and EU levels; and (iii) the promotion and the dissemination of 
technical knowledge and advice on suitable practices for climate change mitigation at 
farm level (Smith et al. 2007a). 
The most frequent options found to have a significant potential for mitigation in the 
scientific literature are improved crop production, grazing land management and 
restoration of organic soils and degraded land (UNFCC 2008; EC 2010). There are 
many agricultural practices that may be implemented immediately and help to manage 
these mitigation options with relatively low-cost and no major technological 
requirements. These practices are based on enhancement of soil carbon sequestration 
and contents, since soil carbon sequestration mechanism is estimated to contribute 
about 89% for most of the mitigation potential (Smith et al. 2007b).  Mitigation practices 
such as cover crops, reduced tillage and residue management, manure management, 
optimized fertilization and agricultural input use, crop rotations and intercropping may 
be combined to win greater positive effect in their contribution to mitigation.  
Farming systems and soils varies across the EU and the adoption of mitigation 
practices from one location to the other will have diverse effect. The implementation of 
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suitable mitigation practices need to be well defined at the local levels. Further 
research is also needed on barriers to adoption of the mitigation practices, 
effectiveness on mitigation potential of adopted practices and the influence of climatic 
trends, economics conditions and farmer behaviour on mitigation practices adoption 
(Smith et al. 2007b; OECD 2012). 
 
2.2. The adoption of mitigation practices by farmers 
The economics of best agricultural practices adoption are objective of many researches 
to explore the key determinants of the adoption decision. Part of them is also based on 
the more appropriate econometric tool to measure the relationships between 
determinants. 
Rahelizatovo and Gillespie (2004) and Isgin et al. (2008) used count data models to 
determine the factors affecting the adoption of best management practices in a dairy 
industry and precision farming technology by farmers, respectively. Both studies 
showed the usefulness of using counting models to assess the adoption decision. 
Rahelizatovo and Gillespie (2004) also highlighted the significant influence on adoption 
of environmental awareness and information dissemination through extension efforts 
from their results. 
Johnson et al. (2004) and Ward et al. (2008) used binary logit regressions models to 
determine the factors affecting the adoption of recommended management practices in 
cattle production by farmers. Their results stand out the importance of financial 
determinants and extension educational programs for the practices’ adoption. 
Recent studies have focused their interest on the wider range of motivations for 
farmers’ decisions that can improve the adoption of agricultural practices with 
significant mitigation potential of GHG emissions (Cary et al. 2001; Prager and 
Posthumus 2010; OECD 2012). These motivations are related to cultural and social 
behavior factors (such as education, information, traditional local practices, among 
others) as well as financial incentives and advisory services (Cary et al. 2001). Since 
financial incentives, education, information and production characteristics influence the 
outcome of policy incentives, more attention needs to be paid to the knowledge on how 
these factors influence the adoption of mitigation practices at local level to facilitate the 
work of European policy makers (Prager and Posthumus 2010). More research and 
empirical evidence is required due to the current lack of knowledge on behavioral 
economics to support greater uptake of mitigation practices and to maximize the 
effectiveness of mitigation policies (OECD 2012). 
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A broad range of research focuses on financial incentives measured as monetary 
compensation or subsidies by mitigating GHG emissions efforts, but behavioral barriers 
including educational, social and political constrains have been found to limit the effect 
of economic incentives on adoption of mitigation practices (Prager and Posthumus 
2010). Both financial and non-financial incentives affect the farmer’s decision to adopt 
mitigation practices (OECD 2012). 
This study also aims to develop the analysis of the factors that influence the adoption 
of mitigation practices by farmers at local level, including educational, environmental 
and political constrains. 
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3. METHODS AND DATA 
3.1. Methodology framework 
The methodological approach includes four components (Figure 2): 
 The mitigation potential of agricultural practices is evaluated by reviewing 
experimental evidence of soil and crop management practices that reduce GHG 
emissions. A select number of typical farming systems in Europe are also 
identified and characterised based on research from previous databases 
(Eurostat, MITERRA), current European projects (SmartSOIL, SEAMLESS, 
PICCMAT1) and by consulting with the SmartSOIL project partners. The results 
map typical European farming systems and mitigation practices at the EU-27 
level.  
 The data collection for the Spain case study takes information from the 
European mapping and from existing publications and studies. The result is a 
selection of practices that have a higher potential for mitigation. 
 The sustainability of these selected practices is then evaluated by Multi-criteria 
Analysis (MCA) (UNFCCC 2011). The data for this evaluation is derived from 
questionnaires with an expert panel. The result is a prioritization of the selected 
practices from social, economic and environmental perspectives. 
 Based on farmers’ responses from a survey in a Spanish region, a econometric 
analysis is undertaken to estimate the likelihood on adoption of mitigation 
practices. This probability is calculated as a function of behavioural traits and 
farming characteristics of farmers. The result is an analysis of the barriers and 
incentives for adopting mitigation practices based on the outcome of the model. 
 
The results obtained from the analysis provide valuable information in order to propose 
strategies and recommendations for policy development and farmers advisory services 
on mitigation practices in agriculture under varying climate change scenarios. 
 
 
 
 
 
1 
On line projects can be found in: SmartSOIL (http://smartsoil.eu/), SEAMLESS (http://www.seamless-
ip.org/), PICCMAT (http://www.climatechangeintelligence.baastel.be/piccmat/index.php) 
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Figure 2. Methodological framework 
 
3.2. Characterization of the agricultural practices for mitigation 
3.2.1. The EU-27 study 
This component of the study analyses the typical European farming systems with the 
aim of evaluating the potential implementation of mitigation practices. The 
characterization includes: geographical zones, spatial extent, productivity level and 
intensity of land and resource (fertilizer and manure) use, soil management practices, 
and residue management. The dataset developed and the analyses are carried out in 
the EU-27 territory.  
The main sources of data are EUROSTAT, the Wageningen MITERRA-Europe model, 
and the consultation with the SmartSOIL project partners. The analysis is carried out in 
the EU-27 member states at regional NUTS2 level (Figure 3). The MITERRA-Europe 
(Velthof et al., 2009; Lesschen et al., 2011) is widely used to evaluate the agricultural 
systems in Europe and includes large crop datasets form EUROSTAT (2008) and 
management data was derived from the Survey on Agricultural Production Methods 
(SAPM). 
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Figure 3. EU-27 member countries 
 
Regarding to representative farming systems and productivity, the collected information 
includes area of the main farming system (largest occupied area) in hectares and 
percentage of total utilized agricultural area (UAA), as well as the main cultivated 
crops, the main crop yield (kg/ha) and the main limiting factor to attain potential 
production in the main farming system. Information about each secondary farming 
system (second occupied area) has also been compiled. It includes the area of second 
farming system in hectares and percentage of total UAA, as well as the main cultivated 
crops and the main crop yield (kg/ha) in the secondary farming system. The collected 
information also includes main soil management practices of the main farming system 
and adoption percentage compared to the total area of arable land, as well as nitrogen 
fertilizer use (kg of N/ha), area of organic farming as percentage of total UAA and 
farmer`s knowledge level about soil management and GHG emissions. 
Elements of the characterization of these typical farming systems include production 
systems and resources at the EU-27 level.  In each agricultural region there may be a 
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very large number of farming systems. This thesis could not cover all of them. 
Therefore, the methodology provides a balance between the maximum number of 
farming systems that can be distinguished and the minimal number of systems that 
should be considered in order to obtain a representative view. The farming systems 
have been derived from the SEAMLESS project. In that project a classification was 
developed which distinguished 21 farm types, which could be further characterised by 
intensity (3 classes) and size (3 classes). A detailed description can be found in 
Andersen (2010). For further simplification, we aggregated these 21 farm types into the 
following six main farming systems: Field crops, Permanent crops, Pasture and 
grasslands, Industrial crops, Horticulture and Mixed farms (Table 1). 
Table 1. SEAMLESS farm types and grouping to main farming system used in this study. 
Code SEAMLESS farm type Main farming system 
1 Arable/Cereal Field crops 
2 Arable/Fallow Field crops 
3 Arable/Specialised crops Industrial crops 
4 Arable/Others Field crops 
5 Dairy cattle/Permanent grass Pasture and grasslands 
6 Dairy cattle/Temporary grass Pasture and grasslands 
7 Dairy cattle/Land independent Mixed farms 
8 Dairy cattle/Others Mixed farms 
9 Beef and mixed cattle/Permanent grass Pasture and grasslands 
10 Beef and mixed cattle/Temporary grass Pasture and grasslands 
11 Beef and mixed cattle/Land independent Mixed farms 
12 Beef and mixed cattle/Others Mixed farms 
13 Sheep and goats/Land independent Mixed farms 
14 Sheep and goats/Others Mixed farms 
15 Pigs/Land independent Mixed farms 
16 Pigs/Others Mixed farms 
17 Poultry and mixed pigs/poultry Mixed farms 
18 Mixed farms Mixed farms 
19 Mixed livestock Mixed farms 
20 Horticulture Horticulture 
21 Permanent crops Permanent crops 
 
In addition, information was collected from the 7 countries represented by the 
SmartSOIL partners: the Netherlands, Denmark, Italy, United Kingdom, Poland and 
Hungary and Spain, where there was a gap of knowledge (Table 2). When most of data 
were completed in the database the level of limitation ranges from small to medium. If 
data were not found from available information, the level of the limitation was large. 
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Table 2. Gaps of knowledge in the database and sources of information 
Datasets analysed Source of data and comments 
Limitations 
of the 
database 
Total area UUA (ha) 
Data are derived from Eurostat regional and national 
statistics 2008. 
Small to 
medium 
Main farming system 
Data are derived from the SEAMLESS project and 
Eurostat regional and national statistics 2008. 
Data for Romania, Bulgaria, Cyprus and Malta is missing 
Small to 
medium 
Area of main farming 
system (ha) 
Data are derived from Eurostat regional and national 
statistics 2008. 
Data for Romania, Bulgaria, Cyprus and Malta is missing. 
Small to 
medium 
Area of main farming 
system (%) 
Data are derived from Eurostat regional and national 
statistics 2008. 
Data for Romania, Bulgaria, Cyprus and Malta is missing. 
Small to 
medium 
Main crops in the 
main farming system 
Data are derived from Eurostat regional and national 
statistics 2008 for first main crop.  
Small to 
medium 
Crop yield (kg/ha) in 
the main farming 
system 
Data are derived from Eurostat regional and national 
statistics 2008. 
Data for Romania, Bulgaria, Cyprus and Malta is missing 
Small to 
medium 
Main limiting factor 
to obtain potential 
production 
Only available for partner´s countries. The partners found 
these data via interviews to stakeholders and experts 
consulting 
Large 
Secondary farming 
system 
Data are derived from the SEAMLESS project and 
Eurostat regional and national statistics 2008. 
Data for Romania, Bulgaria, Cyprus and Malta is missing 
Small to 
medium 
Area of second 
farming system (ha) 
Data are derived from Eurostat regional and national 
statistics 2008. 
Data for Romania, Bulgaria, Cyprus and Malta is missing 
Small to 
medium 
Area of second 
farming system (%) 
Data are derived from Eurostat regional and national 
statistics 2008. 
Data for Romania, Bulgaria, Cyprus and Malta is missing 
Small to 
medium 
Main crops in the 
secondary farming 
system 
Data are derived from Eurostat regional and national 
statistics 2008 for first main crop. 
Data for Romania, Bulgaria, Cyprus and Malta is missing 
Small to 
medium 
Crop yield (kg/ha) of 
secondary  farming 
system 
Data are derived from Eurostat regional and national 
statistics 2008 
Data for Romania, Bulgaria, Cyprus and Malta is missing 
Small to 
medium 
Main soil 
management 
practices of the main 
farming system 
Only available for partner´s countries. The partners found 
these data from national surveys or via interviews to 
stakeholders and experts consulting 
Large 
Use of management 
practices (%) based 
on areas relative to 
arable land 
Data are based on SAPM survey from 2010. 
Most of soil management practices data for Germany 
regions are missing. 
Small to 
medium 
Nitrogen fertilizer 
use (kgN/ha) 
Data are derived from Eurostat and FAO national 
statistics and GAINS model 
Small to 
medium 
Area of organic 
farming (% of total) 
Data are derived on the 2010 FSS statistics at regional 
level from Eurostat. 
Small to 
medium 
Farmer`s formation 
level 
Only available for partner´s countries. The partners found 
these data from national surveys or via interviews to 
stakeholders and experts consulting 
Large 
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3.2.2. Selection of mitigation practices for the case study 
For the accomplishment of this study and in particular to select a group of practices 
that have more potential for mitigation, a literature review has been necessary. This 
research was carried out with the help and resources of the Research Centre for the 
Management of Agricultural and Environmental Risks (CEIGRAM), a Joint Research 
Centre of the Technical University of Madrid (UPM). Most of the articles were found in 
the major scientific databases/search engines, such as Google Scholar, Web of 
Science, Agris or Agricola. A physical search was also necessary due to not all the 
literature regarding the subject was available online or digitalised. Furthermore, 
Refworks and Write-N-Cite programs have been used as the reference management 
tools. 
The potential of reducing GHG emissions of soil and crop management practices was 
evaluated by reviewing agronomic experimental evidence. The data collection took 
information from the EU-27 study and from existing publications and studies. The 
selection of practices that have more potential for mitigation and the main sources 
considered for the selection are shown in  
Table 3 and widely explained in section 4. 
Table 3. Description of the selected mitigation practices 
Mitigation 
measures 
considered 
Description Sources 
A1.Cover crops in 
orchard systems 
This mitigation measure consists of intercropping 
spontaneous or human induced cover crops with 
farmland trees in order to improve soil fertility and water 
use. It also enhances soil carbon stores and thereby 
increasing carbon sequestration rate. 
Lal and Bruce 1999; 
Steenwerth and  Belina 
2008;  
Nieto et al. 2013; 
A2.Reduced tillage 
/ no-tillage 
Reducing or avoiding tillage practices, increase soil 
carbon stores through reducing microbial 
decomposition, and promoting crop residue 
incorporation into soil. 
Lal and Kimble 1997; 
Lal and Bruce 1999; 
Follet 2001; Ogle et al. 
2005; Smith et al. 
2008; Álvaro-Fuentes 
and Cantero-Martínez 
2010.  
A3.Fertilization with 
animal manures 
Incorporating animal manures to the soil, increases 
organic carbon stores and enhances carbon return to 
the soil, thereby encouraging carbon sequestration. 
Paustian et al. 1997; 
Smith et al. 1997; 
Follet 2001; Smith et 
al. 2008 
A4.Optimized 
fertilization 
Changes in application rates, fertilizer placement or 
split applications depending on crop needs increases 
efficiency thus reducing GHG emissions, especially 
nitrous oxide. 
Lal and Bruce 1999; 
Follet 2001;  
Snyder et al. 2009 
A5.Crop rotations 
Using crop rotations in the same plot, increases soil 
carbon stores and requires reduced fertilizer use, 
thereby reducing nitrous oxide emissions. 
Lal and Bruce 1999; 
Follet 2001; West and 
Post 2002; 
Lal 2004 
A6.Intercropping 
Combining two crops during the same growing season 
improves soil fertility and soil carbon storage due to 
more efficient nutrient use and reducing fertilizers 
application rate as well as GHG emissions. 
Paustian et al. 1997; 
Lal and Bruce 1999;  
Lal 2004 
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From the theoretical point of view, the study of mitigation practices has shown a broad 
spectrum of options that could apply to the EU and Spain case study. This spectrum 
reflects very different and sometimes conflicting views of priorities for adopting 
mitigation practices. Detailed below Multi-criteria Analysis of experts’ choices has been 
carried out in order to evaluate and prioritize these selected practices taking into 
account socio-economic and environmental criteria. The resulting information was used 
in a second stage of the participatory process with farmers in the case study area of 
Aragón. 
 
3.3. Prioritization of practices: Multi-criteria Analysis (MCA) of experts’ 
choices 
3.3.1. Data 
The evaluation and prioritization of mitigation choices for the study was based on a 
literature review of mitigation practices and expert input gathered through a 
participatory process. Working from the results of the literature review, a questionnaire 
was developed and sent out to an expert panel in February 2013. The group consisted 
of eighteen experts from different academic sectors each holding stakes in agriculture 
mitigation practices to reduce GHGs, including representatives from regional and 
national administrations, agricultural research and development institutes and 
universities.  
The aim was to gather information on experts’ perception of the six selected mitigation 
practices in agriculture faced with a changing climate. For the input data collection, the 
questionnaire was divided into two sections. In the first part, experts were asked to 
allocate weights to the evaluation criteria representing their priorities. The criteria were 
distributed into three main groups: economic, social and environmental. The experts 
were required to assign weights to the three groups and further to the evaluation 
criteria within each group. In the second part of the questionnaire, the adoption effect of 
the selected mitigation practices was evaluated by the experts weighting fourteen 
criteria under two future scenarios. These scenarios were classified as a current 
climate scenario with similar climate conditions to those at present and as a climate 
change scenario with drier and warmer conditions based on the more likely projection 
according to CEDEX (2011) for Spain (a decrease in average annual rainfall of 8% and 
an average increase in temperature of 2 degrees Celsius by the 2040s). 
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3.3.2. Criteria selection to prioritize key agricultural practices 
The experts’ criteria against which the selected mitigation practices were to be 
evaluated are detailed below (Figure 4): 
 
Figure 4. Experts’ criteria for mitigation practices 
 
(1) Economic criteria group: CAP subsidies criteria refers to the extent of practice 
dependence on subsidies granted by the Common Agricultural Policy (CAP); Yield 
variability criterion evaluates possible changes in crop yields (increases or decreases) 
implicated by the implementation of the practice; Job creation criterion assesses the 
practice’s capacity to create more farm employment; Implementation criterion 
evaluates the additional cost of implementing the practice; Economic feasibility criterion 
evaluates the practice’s feasibility in terms of economic profit margin (increases or 
decreases of net income due to practice adoption). 
(2) Social criteria group: Rural development criterion refers to the extent of the 
practice’s influence on rural development; Farmer cooperation criterion assesses the 
extent to which the practice encourages cooperation between farmers; Farmer training 
criterion estimates the extent to which the practice promotes a higher level of farmer 
GHGs Mitigation
Econ. feasibility
Implementation
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training; Transfer technology criterion assesses the extent to which the practice 
contributes to development and transfer technology.  
(3) Environmental criteria group: Mitigation potential criterion assesses the practice’s 
capacity to reduce GHGs; Soil quality criterion estimates the practice’s capacity to 
enhance soil quality; Water quality criterion estimates the practice’s capacity to 
enhance water quality; Ecologic value criterion evaluates the additional ecologic value 
of implementing the practice. 
 
3.3.3. The evaluation and prioritization process 
In order to quantify the effectiveness of the selected mitigation measures to take 
advantage of changing climate conditions, a Multi-criteria Analysis (MCA) was carried 
out (UNFCCC 2011). A supporting tool was used to simultaneously account for the 
multiple qualitative criteria. The tool is Web-HIPRE software (http://www.hipre.hut.fi/) 
for decision analytic problem structuring, multi-criteria evaluation and prioritization.  
Both 100 to 0 partial value scales and scaling constants were interactively defined 
based on qualitative value judgments of experts. To supply a broad outline and make 
the scores robust, experts from different sectors were encouraged to give their input. 
The weighted sum of the evaluations of every practice over all criteria was computed 
by the software. The MCA provided composite expert prioritization and a ranking of the 
practices on the basis of the weighted sum. 
 
3.4. Adoption of Practices: Econometric analysis of farmers responses 
3.4.1. Data 
The study was complemented by a survey conducted in the region of Aragón to assess 
the farmer barriers and motivation to adopt mitigation practices by econometric 
analysis of farmers’ responses. This section of the study examines the case of Aragón, 
an intensive agricultural region located in the middle Ebro basin in north-eastern Spain. 
Aragón being the fourth largest region of Spain with 4,770,054 ha (MAGRAMA 2012b) 
is largely dedicated to agriculture with approximately 1,300,763 ha of crop land and  
324,354 ha of pasture and grassland (MAGRAMA 2012b).The main farming system of 
Aragón region is field crops and the main cultivated crops are barley (452,839 ha), 
wheat (284,713 ha), and corn (63,884 ha) among field crops, alfalfa (99,079 ha) among 
pasture and grassland and olives (59,477 ha) and vineyards (37,425 ha) among 
permanent crops (MAGRAMA 2012b). 
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 Aragón in 2010 accounted of 4.8% of total GHG emissions of Spain. Agriculture 
emissions in Aragón were estimated about 3.8 million t CO2eq, which represent 22% of 
the total anthropogenic emissions in the region (16.9 million t CO2eq). Crop cultivation 
released almost 1.85 million t CO2eq due to nitrous oxide emissions (N2O) from crop 
and soil management (EACCEL 2012; MAGRAMA 2012a). Further, a recent case 
study pointed out a quite intensive agriculture area in emissions of Aragón and 
assessed a number of GHGs mitigation measures (Kahil and Albiac 2013). 
The input data for the econometric analysis were collected via face to face survey of 
128 farmers of Aragón in order to avoid non-response caused by non-contact and 
generate a greater diversity of answers (Czaja and Blair 2005; De Leeuw 2005). Prior 
to the survey with the farmers, the questionnaire was tested by a group of qualified 
respondents to ensure questions were well worded and were relevant to the proper 
audience. The surveys were conducted in two meeting point for Aragón’s farmers and 
were carried out across different days during March 2013. The random sample 
included farmers with holdings covering different areas in Aragon (Figure 5), but this 
sample is not necessarily representative of entire region of Aragón.  
 
Figure 5. Distribution of sampled holdings across the region 
 
The survey was composed of 16 total questions including check-all and forced-choice 
questions. In the survey participants were asked questions regarding to (i) farmer 
characteristics such as gender, age or education; (ii) production characteristics such as 
size of holding, irrigation intensity or type of ownership; (iii) the current adoption of the 
selected mitigation practices; and (iv) farmer behavioral traits. 
The percentages of sampled Aragón farmers adopting each of the mitigation practices 
considered for the analysis are detailed in Table 4. The most frequently adopted 
practice was crop rotations, with an adoption rate close to 69%. Reduced tillage / no 
tillage and fertilization with animal manures were relatively frequently used mitigation 
70% sampled holdings
20% sampled holdings
10% sampled holdings
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practices, being adopted at rates about 63% and 51% respectively. Mitigation practices 
with adoption rates lower than 50% included optimized fertilization and intercropping. 
Cover crops in orchard systems seemed to be the lowest mitigation practice with 
approximately 22%. 
Table 4. Adoption rates of mitigation practices by Aragón farmers 
Mitigation practice Numbers adopted Percentage adopted 
A1.Cover crops in orchard systems 28 21.87 
A2.Reduced tillage / no-tillage 81 63.28 
A3.Fertilization with animal manures 65 50.78 
A4.Optimized fertilization 59 46.09 
A5.Crop rotations 88 68.75 
A6.Intercropping 40 31.25 
 
Table 5 shows the frequency distribution of the number of mitigation practices by 
Aragón farmers sampled. The survey offers evidence that 115 farmers out of 128 in the 
sample had adopted at least one mitigation practice which is meaning a very high 
overall adoption rate close to 90%. The sampled Aragón farmers adopted about 2.82 
on average. Table 5 also demonstrates that only 13 (c.a 10%) of these sampled 
Aragón farmers had adopted none of these mitigation practices, and thus it does not 
explicitly consider an excess zeros problem. While the majority (83%) of the adopters 
had adopted 4 or less mitigation practices, only 17% of these farmers adopted 5 or 
more practices. 
Table 5. Mitigation practices adoption frequency distribution 
Mitigation practice counts Frequency Relative frequency 
0 13 0.101 
1 24 0.187 
2 18 0.140 
3 23 0.179 
4 28 0.218 
5 12 0.093 
6 10 0.078 
Total 128 1 
1
Out of 128 farmers sampled, 115 adopted one or more practices 
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3.4.2. Variables influencing farmers’ decision to adopt mitigation practices 
This section discusses variables that are hypothesized to influence the adoption of 
mitigation practices and are used in the econometric models. While the adoption 
literature has covered a wide range of causation factors affecting the adoption of best 
agricultural practices and technology (Rahelizatovo and Gillespie 2004; Johnson et al. 
2004; Isgin et al. 2008; Ward et al. 2008), there is limited research investigating the 
specific determinants affecting adoption of mitigation practices (Cary et al. 2001, 
Prager and Posthumus 2010; OECD 2012). 
The independent variables used in this study to explain adoption behavior are based in 
both the theoretical and empirical literature of agricultural practices adoption. They fall 
under three categories: farmer characteristics, production characteristics, and farmer 
behavioral traits (Table 6). Factors hypothesized to influence the probability of a farmer 
adopting agricultural practices for the considered mitigation practices were: farmer’s 
age (AGE) and technical education (EDUCATION), type of land ownership 
(LANDOWNED), holding size (SIZE) and irrigation intensity (IRRIGATION), farm 
subsidy received by implementing mitigation practices (SUBSIDIES), advice received 
about the mitigation practices (TECHADVICE) and about the Common Agricultural 
Policy (PACADVICE), Agricultural policy concern (AWARENESS1) and environmental 
concern (AWARENESS2) for the adoption of mitigation practices. 
The different factors of mitigation practices adoption may explain more or less effective 
the adoption decision facing the farmer. For instance, the variable AGE representing 
the age of farmers has been usually found to have an adverse impact on adoption 
decisions by previous studies (Johnson et al. 2004; Rahelizatovo and Gillespie 2004; 
Isgin et al. 2008; Ward et al. 2008). Cary et al. (2001) and Prager and Posthumus 
(2010) found that the presence of young farmers in the farms may have a positive or a 
negative influence on adoption. In this study is expected to have a negative regression 
coefficient for AGE. 
EDUCATION variable representing farmer having a technical education was 
hypothesized to be statistically significant. Farmers with a technical education were 
hypothetically expected to be more likely to adopt a mitigation practice (Rahelizatovo 
and Gillespie 2004; Knowler and Bradshaw 2007; Ward et al. 2008). 
The ownership of land (LANDOWNED) was hypothesized to have a more positive 
significant effect on the farmer willingness to implement mitigation practices. This 
hypothesis is consistent with research reported by Prager and Posthumus (2010) and 
Knowler and Bradshaw (2007) about the influence that show the security of land tenure 
The farm size measured in hectares cropped (SIZE) has been considered a consistent 
and significant factor influencing the adoption for several econometrics studies and it is 
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hypothesized to have a positive significant effect on adoption (Norris and Batie 1987; 
Knowler and Bradshaw 2007; Isgin et al. 2008;). In this study the variable SIZE is 
hypothesized as they did. The level of irrigation intensity (IRRIGATION) plays an 
important role in the farm production and hence it was also assumed to have a 
significant influence on adoption decision of mitigation practices. 
Financial incentives (SUBSIDIES) were found to be very significant determinants of 
adoption decisions as well. Several studies found that the farmers were not motivated 
to adopt mitigation or agri-environmental practices if they did not receive compensation 
for implement them (Poe et al. 2001; Bracht et al. 2008; Hellerstein, et al. 2002). The 
financially incentive seems to be the most attractive option for the farmer adoption 
decision (Prager and Posthumus 2010). 
TECHADVICE and PACADVICE are the variables representing advice and training of 
practices management and related agricultural policy. According to previous literature 
(Cary et al. 2001; Prager and Posthumus 2010), farmers who attended to training 
courses and had access to technical and policy information adopted more mitigation 
practices. The relationship between knowledge about management and policy of 
mitigation practices and adoption decision was hypothesized to be consistently 
significant and to have a positive impact. 
Prager and Posthumus (2010) pointed out that agricultural policy and legislation 
concern represents a significant determinant to encourage behavioral change 
(AWARENESS1). Literature reviewed also showed the importance of having an 
environmental motivation (AWARENESS2) to increase the adoption of mitigation 
practices (Morris and Potter 1995; Prokopy et al. 2008). In this study, both the policy 
and the environmental concern were hypothesizes to have a more positive significant 
effect on the adoption decision of farmers. 
In summary, it was hypothesized that young farmer with a technical degree and 
landowners, would significantly affect adoption of the selected mitigation practices, as 
well as the farm size and the irrigation intensity. Variables representing farm subsidies, 
management practices and agricultural policy advice and farmer concern for the 
adoption of mitigation practices were also hypothesized to have a positive impact on 
adoption decisions. 
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Table 6. Definition of and descriptive statistics for variables in Logit Models 
Category/Variable Description Mean 
Standard 
Deviation 
Dependant variable 
 
  
COVERCROPS Practice is implemented (1 = yes, 0 = no or not 
sure)  
0.21 0.41 
NOTILLAGE Practice is implemented (1 = yes, 0 = no or not 
sure) 
0.63 0.48 
ANIMALMANURES Practice is implemented (1 = yes, 0 = no or not 
sure) 
0.50 0.50 
OPTIFERTILIZATION Practice is implemented (1 = yes, 0 = no or not 
sure) 
0.46 0.50 
CROPROTATIONS Practice is implemented (1 = yes, 0 = no or not 
sure) 
0.68 0.46 
INTERCROPPING Practice is implemented (1 = yes, 0 = no or not 
sure) 
0.31 0.46 
MITIGATPRACTICES Adoption intensity of mitigation practices (taking 
on values from 0 to 6) 
2.82 1.75 
    
Independent Variables    
AGE Age of farmer in years (1 = less than 35, 0 = 36 or 
more) 
0.15 0.36 
EDUCATION Farmer having a technical education (1 = technical 
degree, 0 = no technical degree) 
0.57 0.49 
LANDOWNED Farmer being owner of the farm land  (1 = yes, 0 = 
no) 
0.92 0.25 
SIZE Size of farm in hectares (1 = size< 10 ha, 2 = 10-
50 ha, 3 = 50-100 ha, 4 = size>100 ha) 
2.97 1.06 
IRRIGATION Irrigation intensity (1 = low or non-irrigated land, 2 
= medium, 3 = high) 
1.96 0.57 
SUBSIDIES Farm subsidy received by implementing mitigation 
practices (1 = yes, 0 = no or not sure) 
0.19 0.39 
TECHADVICE Advice received about the mitigation practices 
management (1 = yes, 0 = no or not sure) 
0.53 0.50 
PACADVICE Advice received about the Common Agricultural 
Policy (1 = yes, 0 = no or not sure) 
0.22 0.42 
AWARENESS1 Agricultural policy concern for the adoption of 
mitigation practices (1 = yes, 0 = no or not sure) 
0.67 0.46 
AWARENESS2 Environmental concern for the adoption of 
mitigation practices (1 = yes, 0 = no or not sure) 
0.54 0.49 
Total number of observations = 128 
 
 
3.4.3. The model 
For the statistical analysis, different econometric models have been run to figure out 
what are the most relevant factors influencing the mitigation practices adoption: (i) a 
logistic Poisson and a Negative Binomial regression which are count data models to 
allow measuring the adoption intensity relevant factors (Rahelizatovo and Gillespie 
2004; Isgin et al. 2008); (ii) and a logit binomial to allow measuring the relevant factor 
per each individual mitigation practice (Johnson et al. 2004; Ward et al. 2008). 
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Poisson and Negative Binomial regression 
The Poisson regression model is derived from the Poisson distribution by 
parameterizing the relation between the mean parameter μ and covariates (regressors) 
x, and it can be considered the starting point for count data analysis. 
In our case of study, a Poisson model is used to model the number of occurrences of 
the event of interest (Cameron and Trivedi 2005; Gujarati and Porter 2009). The 
density function associated is expressed as follows in Equation (1).  
(1)           
     
  
            
Where    the adoption intensity of the selected mitigation practices by farmer i and    
are variables that affect the adoption of these practices. The factorial parameter y! is 
split as                      whereas the mean parameter or intensity     
represents the expected number of events and is expressed as in Equation (2). 
(2)                     
     
The likelihood function which gives independent observations is the product of the 
individual densities                  where we have conditioned on the regressor, 
hence, the log-likelihood function is then the log of a product which equals the sum of 
logs                .  
The log-likelihood function for the all the observations assuming all of them 
independents is written as in Equation (3). 
(3)             
 
     
         
           
Where   is the Poisson maximum likelihood estimator which maximizes the log-
likelihood function while x´ is the adoption practices variables vector. 
A property of the Poisson regression model is the principle of equidispersion, meaning 
equality of mean and variance.  
(4)        
            
Some important conclusions are derived from marginal effect concept. It is only 
possible for lineal regression models, meaning that the change in the conditional mean 
of y when regressors x change by one unit. 
 23 
 
         
  
 
However, the assumption of a constant rate adoption may not be realistic due to the 
variance might exceeds the mean, since α > 0 and μ > 0. Overdispersion might lead 
the regression to inconsistency problems, deflated standard errors and grossly inflated 
t-statistics in the maximum likelihood output.  Therefore, a negative binomial analysis 
as a statistical test has been carried out to allow an adjustment for the presence of 
over-under dispersion (variance of    greater or lower than its mean value) after 
running a Poisson regression. 
The variance function for negative binomial model to estimate the dispersion parameter 
α is presented in Equation (5). 
(5)                
  
The log-likelihood function associated with the negative binomial formulation is 
expressed in Equation (6) 
(6)                                    
               
     
    
   
 
   
  ln +    ´ } 
Binomial regression 
A binomial logit model was specified to estimate the likelihood that given farmer and 
production characteristics and farmer behavioral traits would affect the probability of 
farmers adopting each specific selected mitigation practice. The logistic distribution 
function represents a generalized form of the model for each dependent variable 
(Cameron and Trivedi 2005; Gujarati and Porter 2009): 
                                                        
  
    
 
Where               and    are the logit model independent variables chosen for 
the regression.  
As long as    is comprised between - ∞ to + ∞ the probability of farmer adopts the 
considered mitigation practices is placed between 0 to 1. As it is written in Equation (2), 
the logit model implies that the logarithm of the ratio is linearly related to   . Hence, 
when the logit result is positive, the more the value of the regressor increases, the 
more likely the value of the regression is closed to one. 
(2)      
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4. DEFINING AGRICULTURAL PRACTICES FOR MITIGATION 
4.1. Previous studies that considered mitigation practices 
The positive effect of management practices on climate change has been largely 
researched in order to establish which soil and crop management practices have the 
greatest potential to mitigate GHG emissions (Lal and Bruce 1999; Lal 2004; Smith et 
al. 2008; Álvaro-Fuentes and Paustian 2011; Aguilera et al. 2013). In this section, 
existing theoretical and empirical publications about the agricultural practices that have 
more potential for mitigation were discussed and supported the selection of mitigation 
practices for the development of the MCA and the econometric analysis ( 
Table 3). 
Reduction of soil organic carbon (SOC) content is significantly affecting soil CO2 
emission and it might be enhanced by adoption of mitigation practices. Lal and Bruce 
(1999) found that the adoption of reduced tillage, optimized fertilization and improved 
cropping systems (frequent use of cover crops and nutrient cycling practices such as 
leguminous cover crops, improved rotations and intercropping) increase SOC content. 
They estimated the C sequestration potential of the world cropland soils for the 
mitigation practices of reduced tillage/residue management and improved 
farming/cropping systems to be about 0.150±0.175 and 0.18±0.24 Pg/yr (1015g/yr=1 
billion metric ton per year), respectively. 
The mitigation potential of cover crops in orchard systems was investigated by 
Steenwerth and Belina (2008) in a vineyard grown in California’s Mediterranean 
climate. The experiment showed that cover crops in this vineyard improved the soil 
organic matter content, the microbial biomass C, and the microbiological function. They 
also found that soil C dynamics and CO2 efflux were highly sensitive to seasonal 
conditions under Mediterranean climate. In addition, Nieto et al. (2013) assessed the 
soil capacity of carbon sequestration in a Mediterranean olive grove with cover crops 
and they estimated a total C sequestration potential of 5.91±2.06 Mg C/ha in the first 
30 cm soil depth. Therefore, cover crops in orchard systems seem to have a mitigation 
potential by increasing SOC content and decreasing CO2 concentration in the 
atmosphere.  
Several scientists have researched the mitigation potential of reduced/ no-tillage 
practice and most of them consider that this practice leads to enhance of SOC content 
and to avoid the release of CO2 to the atmosphere (Lal and Kimble 1997; Lal and 
Bruce 1999; Follet 2001; Ogle et al. 2005; Smith et al. 2008; Álvaro-Fuentes and 
Cantero-Martínez 2010). Smith et al. (2008) showed a positive mitigating effect of 
reduced tillage/residue management on reducing CO2 emissions and they estimated a 
significantly declining of CO2 overall net emissions but an uncertain effect on reducing 
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N2O emissions regarding to the relative degree of consensus in the literature and to the 
relative amount of data in support of the proposed effect. Álvaro-Fuentes and Cantero-
Martínez (2010) estimated the mitigation potential of reduced/ no-tillage from 
experiments undertaken in Mediterranean rainfed Spain. They predicted SOC 
sequestration rates about 0.14 and 0.08 Tg/yr for no tillage and reduced tillage, 
respectively. 
Smith et al. (1997) found some potential for sequestering useful amounts of carbon 
applying fertilization with animal manures by evaluation of fourteen long-term field 
experiments (17 treatments with animal manures or inorganic fertilizers) in Europe. 
They showed a 5.5% increase of total SOC stocks over 100 years in Europe by 
applying an amendment rate of 10 t/ha animal manure to all arable soils. Smith et al. 
(2008) also showed a positive mitigating effect of applying fertilization with animal 
manures on reducing CO2 emissions and they estimated a significantly declining of 
overall CO2 net emissions but an uncertain effect on reducing N2O emissions. In 
addition, Paustian et al. (1997) identified that fertilization with animal manures also 
positively affect carbon sequestration and Follet (2001) estimated fertilization with 
animal manures to have the potential to sequester carbon ranging between 3.6-9 
million Mg/yr in United States. 
Literature has been largely developed about the optimized fertilization showing this 
mitigation practice to have great potential to increase the amount of carbon 
sequestered potential (Lal and Bruce 1999; Follet 2001; Snyder 2009). Follet (2001) 
reported SOC increases by enhancement of C sequestration when an efficient use of 
nutrients and fertilization was undertaken and it was estimated to have the potential to 
sequester carbon ranging between 6-18 million Mg/yr in United States. Snyder et al. 
(2009) reviewed many practical opportunities to improve nutrient use efficiency and 
effectiveness through optimized fertilization and stated that improvements in N use 
efficiency might lead to reductions in CO2 emissions and to greater C sequestration. 
Follet (2001) concluded that crop rotations and winter cover crops to have the potential 
to sequester carbon ranging between 5.1-15.3 million Mg/yr in United States. 
Furthermore, West and Post (2002) analysed a global database of 67 long term 
experiments and reported that enhancing crop rotation may sequester an average 
20±12g/m2yr of soil organic carbon. Lal (2004) reported beneficial effects rotations 
based on appropriate cover crops or pastures for enhancing SOC concentration.  
Other researches (Lal and Bruce 1999; Paustian et al. 1997; Lal 2004) found that 
benefits on SOC increases and C sequestration may be accentuated when used two 
crops in conjunction during the same growing season due to more efficient nutrient use 
and reducing fertilizers application rate. 
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4.2. Representative farming systems and mitigation management in EU 
Farming systems play an important role in the global carbon (C) cycle and 
sequestration (Hall et al., 1995). Crops and grasslands are key elements in mitigation. 
Here we consider only crop and grassland systems. Although livestock systems are not 
considered explicitly, they are included in this study since: (a) we consider mixed 
systems and (b) we consider grasslands that support animal production. In the EU 
about 20% of the agricultural surface is covered by grasslands. 
This section addresses the different farming systems with specific and targeted crops 
and soil management that can be distinguished in Europe. The section analyses the 
typical European farming systems with the aim of evaluating the potential 
implementation of mitigation practices. The characterization includes: geographical 
zones, spatial extent, productivity level and intensity of management practices, land 
and resource used (fertilizer and manure). The average level of farmer’s knowledge 
about soil management and GHG emissions is included in the characterization 
because it seems to be an important factor influencing the adoption of mitigation 
practices. These farming systems are changing, and will continue to change in the 
future. Therefore, it is necessary to identify and characterize a relatively limited number 
of typical European farming systems with relevant crop and soil management. 
 
4.2.1. Area of main farming system 
Figure 6 shows the predominant farming systems in EU-27, they are field crops, mixed 
farms and pasture and grasslands. Some exceptions are found in regions of 
Netherlands with industrial crops or in regions of Spain and Italy with permanent crops. 
In Mediterranean regions, the most recent data provided by partners for regions of 
case study countries showed some differences with the data used based on Eurostat 
regional and national statistics from 2008. Data provided by partners reflect a higher 
amount of permanents crops than Eurostat data, especially in Italy and Spain regions. 
The rest of countries of case study regions do not show changes in their typical farming 
system between sources of data. Data for Romania, Bulgaria, Cyprus and Malta are 
missing. 
The area of main farming system is expressed in 1000 ha of the total utilized 
agricultural area (UAA). The biggest areas of main farming systems in terms of 
hectares are found in regions from Spain (Andalucía, Castilla La Mancha and Castilla 
León) and United Kingdom (Scotland), followed by regions of Denmark, Poland, France 
and Lithuania (Figure 6). 
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Figure 6. Area of main farming system in 1000 ha 
 
4.2.2. Main farming system percentage of the total agricultural area   
The area of main farming system as percentage of the total utilized agricultural area 
(UAA) is shown in Figure 7. Data for Romania, Bulgaria, Cyprus and Malta are missing. 
The percentage of main farming system out of the total agricultural area is not related 
to the area of the main farming system. For instance, Andalucía region in Spain 
showed a very large extension in hectares of the main farming system (Figure 6), 
however it is only showing a percentage around 40-60% out of the total agricultural 
area (Figure 7). The same way, smallest areas in terms of hectares of main farming 
systems located in Sweden (Övre Norrland region) (Figure 6), are largely representing 
the main farming system with high percentages around 80-100% (Figure 7). The 
regions showing low percentages of main farming systems, are probably sharing the 
agricultural area with others relevant farming systems. 
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Figure 7. Area of main farming system as percentage of the total utilized agricultural area  
 
4.2.3. Main crops in the farming system 
Based on Eurostat regional statistics the crop areas of 34 crops are listed (in 1000 ha) 
per NUTS2 region. The crop classification is based on the CAPRI crop types. These 
crops have been linked to the main farming systems (Table 7). However, the current 
output file does not include this linkage yet, as some of the crops can be related to 
more farming systems. 
Figure 8 shows the main crops in the main farming system, being soft wheat, fodder on 
arable land and grassland the most frequent crops in the figure. 
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Table 7. Classification of MITERRA crop types to main farming systems 
Field crops Permanent crops Mixed farms  
Soft wheat (SWHE) 
Durum wheat (DWHE) 
Rye and meslin (RYEM) 
Barley (BARL) 
Oats (OATS) 
Grain maize (MAIZ) 
Other cereals (OCER) 
Paddy rice (PARI) 
Rapeseed (RAPE) 
Sunflower (SUNF) 
Soybean (SOYA) 
Other oil (OOIL) 
Pulses (PULS) 
Other crops (OCRO) 
Fallow land (FALL) 
Olive for oil (OLIV) 
Apples and pears (APPL) 
Other fruit (OFRU) 
Citrus (CITR) 
Table grapes (TAGR) 
Table olives (TABO) 
Wine (TWIN) 
Nurseries (NURS) 
Fodder maize (MAIF) 
Fodder on arable land (OFAR) 
Fodder root crops (ROOF) 
Soft wheat (SWHE) 
Rye and meslin (RYEM) 
Barley (BARL) 
Oats (OATS) 
Grain maize (MAIZ) 
Other cereals (OCER) 
Pasture and grasslands Industrial crops Horticulture 
Fodder on arable land (OFAR) 
Grassland (GRAS) 
Potato (POTA) 
Sugar beet (SUGB) 
Fibre crops (TEXT) 
Tobacco (TOBA) 
Other industrial crops (OIND) 
Flowers (FLOW) 
Tomatoes (TOMA) 
Other vegetables (OVEG) 
 
 
Figure 8. Main crops in the main farming system 
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4.2.4. Crop yield in the main farming system 
The average crop yield, in kg of dry matter (DM) per ha, is provided for the main 
farming systems. This average crop yield is the weighted average of the crops 
mentioned in Table 7. Crop yields are based on Eurostat statistics, for 17 main crops 
the data is available at NUTS2 level, while for the other crops, national crop yields are 
used. The highest crop yields in the main farming system are found in Netherlands and 
Ireland regions as well as northwest regions of Spain. In the other hand, the lowest 
crop yields in the main farming system are found in some regions of Spain, Italy, 
Finland, Lithuania and Estonia. Data for Romania, Bulgaria, Cyprus and Malta is 
missing (Figure 9). 
 
 
Figure 9. Average crop yield in kg dry matter/ha of the main farming system 
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4.2.5. Main limiting factor to attain potential production 
Figure 10 shows the possible combinations of main limiting factors which attain 
potential production in the main farming system (water availability, rain, temperature, 
altitude and gradient, leaching, erosion, salt intrusion, pest and diseases, soil 
compaction, farm size, farmer knowledge, wet peat soils). These data were only 
available and provided by partners for regions of case study countries. These regions 
show what factors are limiting the production for their main farming systems, and water 
availability remains as a common feature for most of them, especially in Mediterranean 
regions. 
 
 
Figure 10. Main limiting factor to attain potential production 
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4.2.6. Area of secondary farming system 
The area of secondary farming system is expressed in 1000 ha of the total utilized 
agricultural area (UAA). Data for Romania, Bulgaria, Cyprus and Malta is missing. The 
biggest areas of secondary farming systems in terms of hectares are found in regions 
from Spain, United Kingdom, Ireland, France, Denmark, and Lithuania (Figure 11). 
 
 
Figure 11. Area of secondary farming system in 1000 ha 
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4.2.7. Secondary farming system percentage of agricultural area 
Figure 12 shows the area of secondary farming system as percentage of the total 
utilized agricultural area (UAA). Data for Romania, Bulgaria, Cyprus and Malta is 
missing. Regions showing the highest percentages of secondary farming systems are 
mainly located in Netherlands, Belgium, Germany, Czech Republic, Greece and 
France (Corse). 
 
 
Figure 12. Area of secondary farming system as percentage of the total utilized 
agricultural area 
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4.2.8. Main crops in the secondary farming system 
As we did for the main crops in the main farming systems, based on Eurostat regional 
statistics the crop areas of 34 crops are listed (in 1000 ha) per NUTS2 region. The crop 
classification is based on the CAPRI crop types. These crops can be linked to the main 
farming systems (Table 7). Data for Romania, Bulgaria, Cyprus and Malta is missing. 
Figure 13 shows the main crops in the secondary farming system, being fodder on 
arable land or barley some of the most frequent crops in the figure. 
 
 
Figure 13. Main crops in the secondary farming system 
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4.2.9. Crop yield of secondary farming system 
The average crop yield, in kg of dry matter (DM) per ha, is provided for the secondary 
farming systems. As we did before for the main farming system, this average crop yield 
is the weighted average of the crops mentioned in Table 7. Crop yields are based on 
Eurostat statistics, for 17 main crops the data is available at NUTS2 level, while for the 
other crops, national crop yields are used. The highest crop yields in the secondary 
farming system are found again in some regions of Netherlands, Belgium and France. 
The lowest crop yields in the secondary farming system are found in some regions of 
Spain, Italy, Poland, Greece, Sweden, Finland, Lithuania and Estonia. Data for 
Romania, Bulgaria, Cyprus and Malta is missing (Figure 14). 
 
 
Figure 14. Average crop yield in kg dry matter/ha of the secondary farming system 
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4.2.10. Soils management practices in EU 
The following options represent the main management practices at the Nuts2 level in 
EU-27 for the main farming systems. 
Reduced tillage (RT) or Reduced tillage + Direct planting (RT+DP): Reduced tillage 
differs from zero tillage in that the soil is still tilled, but is disturbed less. Reduced / 
conservation tillage can take many forms including ridge tillage (in which ridges are 
made in the field), vertical ploughing and rotovation or scarification of the soil surface. 
All cause less soil disturbance than conventional deep tillage with a mouldboard plough 
(e.g. Smith et al. 1998). The mechanisms for GHGs reduction are the same as those 
for zero tillage. The timing of tillage can also be taken into account as part of this 
measure. Autumn ploughing leaves fields bare over the winter, increasing the impact in 
terms of soil erosion, and in colder climates, N2O emissions from freeze-thaw cycles 
(Kaiser et al. 1998; van Bochove et al. 2000).  
Conventional tillage (CT): Tillage labours made with intensive tillage implements such 
as mouldboard plow.  
Spontaneous catch crops (CC1) / Cultivated catch crops (CC2) / Cover or intermediate 
crop (CI): The provision of temporary vegetative cover between agricultural crops, 
which is then mown into the soil is termed green manure / a catch crop. These ‘catch’ 
or ‘cover’ crops add C to soils (Barthès et al. 2004; Freibauer et al. 2004) and may also 
extract plant-available N unused by the preceding crop, thereby reducing N2O 
emissions and reducing amount of fertilizer N that needs to be added. 
Normal winter crop (WC): The use is particularly referred to normal winter crop cover 
(e.g. winter wheat) 
Spontaneous / Spontaneous managed (cultivated by farmer)/ Cover crops in orchard 
systems: Growing grass primarily for seasonal protection and soil improvement on 
orchards and vineyards where seasonal benefits of a cover crop are needed. Grass 
usually is mown or desiccated to accommodate the primary crop being produced on 
the site. This practice is used to control erosion, add fertility and organic material to the 
soil, improve soil texture, and increase infiltration and aeration of the soil. In orchards, 
this practice is also used to increase populations of bees for pollination 
purposes. Growing grass with fruit and vines can minimize erosion and non-point 
pollution and increase sequestration on cropland (Lal et al., 1999). 
Residue Management (RM): Residue management usually goes hand-in-hand with 
reduced / zero tillage. However, as the tillage data shows, incorporation can increase 
N2O emissions and therefore net benefits in terms of climate mitigation may be highest 
when residues with high N content are removed. Composting these residues and then 
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returning them to the soil may reduce N2O emissions in relation to incorporation 
untreated, while retaining benefits in terms of reduced requirements for mineral 
fertiliser (Velthof & Kuikman, 2000). 
Rotation and adding legumes (RA): This measure consists in inclusion of different crop 
types in crop rotations (growing various crops on the same plot of land in a planned 
sequence) can considerably increase carbon sequestration. This includes (i) use of 
more forage crops in rotations (e.g. forage maize as an intermediate crop, in 4-course 
rotation at irrigation conditions, where maize occupies 3 consecutive fields); (ii) 
replacement of continuous two-course rotations of row crops with crop rotations of 
winter cereals; (iii) elimination of summer fallow; (iv) use of more winter crops; (v) 
winter cover crops (e.g. mixture of 50 % triticale + 50 % winter peas included in maize-
wheat rotation; rye included in continuous maize; peas-oats mixture included in 
continuous potato; winter rye as a fore-crop winter cover in continuous tobacco; rye 
and triticale as forecrops in continuous tobacco; growing of a ryegrass catch crop in the 
autumn and winter after a cereal crop and before a spring cereal, etc). The measure is 
widely applicable for broad soil and climate conditions. Adding nitrogen-fixing crops, 
such as beans, peas, soybean, alfalfa, etc. to rotations of cereals reduces N fertiliser 
requirements and therefore related emissions, and increases SOC. Legumes can be 
included into cereal rotations as a separate crop, as a second crop (when the land 
would otherwise be bare fallow) or under the major crop. 
Figure 15 shows the main combinations of soil management practices for the main 
farming system. These data were only available and provided by partners for regions of 
case study countries. These regions show how they are implementing different 
combinations of practices for their main farming systems, nevertheless conventional 
tillage remains as a common feature for all of them. 
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Figure 15. Main soil management practices of the main farming system 
 
4.2.11. Implementation of soil management practices 
From the Survey on Agricultural Production Methods, which was held in 2010, data on 
agricultural management practices relevant for soil carbon can be derived. The 
implementation level is expressed as the percentage of land under a certain 
management practices, compared to the total area of arable land. Most of soil 
management practices data for Germany regions are missing. We derived the use for 
the following measures at NUTS2 level: 
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Conventional tillage as percentage of arable land (CT): As mentioned before, 
conventional tillage is found to be the most common practice for all the regions. Many 
of the regions represented in Figure 16 show that they are implementing more than 
60% of conventional tillage out of total arable land. 
 
 
Figure 16. Conventional tillage as percentage of arable land 
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Reduced tillage as percentage of arable land (RT): Unlike conventional tillage, the soil 
management practice of reduced tillage is not extensively undertaken. Only Cyprus, 
Halle region in Germany and Severoiztochen region in Bulgaria are implementing 
approximately 60-80% of reduced tillage and no region is implementing more than 80% 
of reduced tillage out of total arable land (Figure 17). 
 
 
Figure 17. Reduced tillage as percentage of arable land 
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Normal winter crop cover as percentage of arable land (WC): Normal winter crop cover 
is more extensively undertaken between ranges of 40-60% out of total arable land. A 
few regions from United Kingdom, France, Germany, Czech Republic, Poland, Greece, 
Italy or Spain are implementing between ranges of 60-80% out of total arable land. 
Only Cyprus is implementing more than 80% of normal winter crop cover (Figure 18). 
 
 
Figure 18. Normal winter crop cover as percentage of arable land 
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Bare soil as percentage of arable land (BS): Figure 19 shows lower percentages than 
60% of bare soil for the most of regions, except Limousin region in France and Valle 
D’aosta in Italy showing percentages between 60-80% out of total arable land and 
Corse from France showing more than 80% of bare soil out of total arable land. 
 
 
Figure 19. Bare Soil as percentage of arable land 
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Crop rotation as percentage of arable land (RA): Sweden, Denmark, Wales region in 
United Kingdom and Vorarlberg region in Austria show the highest percentage of crop 
rotation (more than 80% out of total arable land) comparing to the rest of regions in 
Figure 20. 
 
 
Figure 20. Crop rotation as percentage of arable land 
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Residue Management as percentage of arable land (RM): In Figure 21 is found that 
most of the regions are barely implementing residue management with percentages 
lower than 20% out of total arable land. There is no region with percentages higher 
than 60%. 
 
 
Figure 21. Residue management as percentage of arable land 
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Cover or intermediate crop as percentage of arable land (CI): Cover or intermediate 
crop is found to be the soil management practice less implemented due to most of the 
regions are showing very low percentages of this practice out of total arable land in 
Figure 22. 
 
 
Figure 22. Cover or intermediate crop as percentage of arable land 
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4.2.12. Nitrogen fertilizer use 
The average nitrogen fertiliser use (kg N /ha), consisting of both animal manure and 
mineral fertilizer, was calculated for each NUTS2 region. The average of all crops has 
been calculated, but if needed it could be specified to farming system, although this is 
rather uncertain. The total mineral fertilizer consumption was derived from FAO 
statistics at national level. The amount of animal manure has been calculated based on 
the total number of livestock, derived from EUROSTAT at NUTS2 level, multiplied with 
the N excretion rates, derived from the GAINS model, and corrected for the N losses. 
The procedure for the allocation of animal manure and mineral fertilizer is described in 
detail in Velthof et al. (2009). Netherlands and Belgium regions are applying the higher 
amount of nitrogen fertilization (Figure 23). 
 
 
Figure 23. Total fertilizer use in kg N/ha 
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4.2.13. Organic farming   
Figure 24 shows the area of organic farming is expressed as percentage of the utilized 
agricultural area (UAA). These data are based on the 2010 FSS statistics at regional 
level from Eurostat (ef_mporganic) and exclude the farms in conversion to organic 
farming. The Eurostat data also offer the possibility to detail the area of organic farming 
by main crops. Most of regions show very low percentages of organic farming around 
0-5% out of UAA. Only Salzburg region in Austria and Severozapad region in Czech 
Republic show the highest percentages between ranges 20-30% out of UAA. 
 
 
Figure 24. Area of organic farming as percentage of the utilized agricultural area 
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4.2.14. Farmers knowledge 
In Figure 25 we identify the average level of farmer’s knowledge about soil 
management and GHG emissions associated using next categories: No knowledge, 
Low, Medium, High, and Very high. 
These data were only available and provided by partners for regions of case study 
countries. The regions in Mediterranean areas show lower average formation level of 
farmers about soil management and GHG emissions. 
 
 
Figure 25. Average level of farmer’s formation level about soil management and GHGs 
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5. MULTI-CRITERIA ANALYSIS (MCA): A PRIORIZATION OF MITIGATION 
PRACTICES 
The participatory process (expert’s panel and questionnaire) provided a preliminary 
idea of how experts perceived present and future challenges on mitigation practices 
implementation. In order to quantify effectiveness of the selected mitigation measures, 
a Multi-criteria Analysis (MCA) was undertaken involving the different experts’ priorities 
to arrive at an overall score (UNFCC 2011).   
First of all, the experts were asked to assess the overall feasibility for the 
implementation of the six selected mitigation practices from direct valuation, resulting in 
a ranking of them. The scoring scale for the overall feasibility criteria ranged from 0 to 
100, whereby 0 indicated the lowest importance and desirability and 100 indicated the 
highest importance and desirability. The results of the feasibility scoring provided a 
ranking. The percentages were distributed as follows (Figure 26): cover crops in 
orchard systems (41%), zero/reduced tillage (61%), fertilization with animal manures 
(62%), Optimized fertilization (55%), crop rotations (64%) and intercropping (67%). The 
practices with the higher feasibility potential were intercropping and crop rotation.  
 
Figure 26. Feasibility of mitigation practices 
 
Then the experts were requested to score the importance of evaluation criteria for a 
qualitative assessment of the considered mitigation practices. The scoring scale for the 
three main groups and for the fourteen criteria within the groups ranged from 0 to 100, 
whereby 0 indicated the lowest importance and 100 indicated the highest importance. 
The results of weight criteria allocation by experts’ priorities about the three main 
groups: economic, social and environmental were distributed as 35%, 21% and 44% 
respectively (Figure 27). The percentages suggest that the environmental criteria are 
the most important in terms of the feasibility of mitigation practices closely followed by 
0% 10% 20% 30% 40% 50% 60% 70%
A6. Intercropping
A5. Crop rotations
A4. Optimized fertilization
A3.Fertilization with animal manures
A2. Zero/reduced tillage
A1. Cover crops in orchard systems
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the economic criteria. Within the environmental group most valued criteria in order of 
importance were mitigation potential criterion assesses and soil quality criterion. 
 
 
Figure 27. Weighting of criteria groups 
 
The considered mitigation practices were also evaluated by the experts weighting the 
fourteen criteria under two future scenarios. The scoring scale ranged from -100 to 
100, -100 indicating a high negative effect and 100 indicating a high positive effect of 
the practice for the criteria. The results of the criteria scoring were also weighed to 
generate an evaluation matrix with practices in rows and criteria in columns, 
representing the priorities of the experts (Figure 28).  
For the current climate scenario mitigation practices that scored ‘very high’ on the most 
of criteria were optimized fertilization and cover crops, showing a greater positive effect 
on GHGs mitigation by implementing them. Optimized fertilization showed a greater 
positive effect on water quality and transfer technology. Cover crops showed a greater 
positive effect on soil quality and ecologic value. The lowest scores showed a negative 
effect on job creation by zero tillage and a negative effect on implementation cost and 
water quality by fertilization with animal manure.  
For the climate change scenario increased the importance of the considered mitigation 
practices, reflecting a greater need for their implementation under climate change 
conditions. Although all scores increased, implementation of optimized fertilization and 
cover crops remained the greatest positive effect. The negative effect on job creation 
by reduced/zero tillage remained equal scores, but negative effect was reduced on 
implementation cost and water quality by fertilization with animal manure under climate 
change conditions. 
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Figure 28. Feasibility of mitigation practices under different scenarios by expert criteria 
 
Finally, the analysis of composite expert priorities was computed by the Hipre software 
including the weighted sum of the evaluations of every practice over all criteria. The 
analysis of composite expert prioritization provided a ranking of the practices under the 
two scenarios on the basis of the weighted sum (Figure 29). The ranking shows the 
priority ratios per group of criteria and for every practice considered. The priority 
practices for both scenarios were cover crops and optimized fertilization and the 
environmental criteria represent the major importance. Fertilization with animal 
manures was the last preference according to the analysis of composite expert 
priorities. 
 
 
A. Current Climate Scenario 
Cover crops Zero tillage Manure Fert. Optimized Fert. Crop rotation Intercrop.
CAP subsidies
Yield variability
Job creation
Implementation
Economic feasibility
Rural development
Farmer cooper. level
Farmer training level
Transfer technology
Mitigation potencial
Soil quality
Water quality
Ecologic value
Weight (0-1) 0.254 0.222 0.185 0.273 0.243 0.222
B. Climate Change Scenario
Cover crops Zero tillage Manure Fert. Optimized Fert. Crop rotation Intercrop.
CAP subsidies
Yield variability
Job creation
Implementation
Economic feasibility
Rural development
Farmer cooper. level
Farmer training level
Transfer technology
Mitigation potencial
Soil quiality
Water quality
Ecologic value
Weight (0-1) 0.336 0.293 0.257 0.347 0.326 0.292
-100 to 0 0 to 20 20 to 100
Negative effect Neutral effect Positive effect
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Figure 29. Analysis of composite expert priorities 
 
Having made the Multi-criteria Analysis, it was easy to notice the differences between 
the two rankings, one from direct feasibility valuation and the other from analysis of 
composite expert priorities respectively. The comparison involving these two 
evaluations methods showed high scores in the overall feasibility assessment of 
intercropping and crop rotation implementation, while high scores in the second 
assessment indicated a high importance and desirability of cover crops and optimized 
fertilization for both purposed scenarios. 
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6. ECONOMETRIC ANALYSIS: FARMERS’ RESPONSE TO ADOPT 
MITIGATION PRACTICES 
6.1. Results by intensity of mitigation practices adoption 
The results of the Poisson and Negative Binomial models are showed in Table 8. The 
estimates associated with the marginal effects for the Poisson model are showed in 
Table 9. The likeness value of mean (2.82) and variance (3.09) of the dependant 
variable MITIGATPRACTICES (Adoption intensity of mitigation practices) suggested 
the appropriateness of using the Poisson model due to the equality property of the 
mean and variance. To adjust the standard errors in the presence of overdispersion 
(the variance is larger the mean), it has been applied the method for estimating 
maximum pseudolikelihood (robust standard errors), providing the robustness of the 
Poisson to distribution misspecification. The results from the Poisson and Negative 
Binomial models were very similar. 
Table 8. Coefficient estimates of the Poisson and Negative Binomial Regressions 
 
Poisson Negative Binomial 
 Variable Coefficient Standard error Coefficient Standard error 
Constant 0.2327 0.3057 0.2736 0.3417 
AGE -0.1175 0.1335 -0.2006 0.1402 
EDUCATION 0.1129 0.1034 0.1476 0.1119 
LANDOWNED -0.0931 0.1677 0.0111 0.2106 
SIZE 0.0154 0.0514 0.0058 0.0524 
IRRIGATION 0.0497 0.0876 0.0112 0.1071 
SUBSIDIES 0.3309*** 0.0920 0.3460*** 0.1116 
TECHADVICE 0.3985*** 0.1125 0.3996*** 0.1153 
PACADVICE 0.1951** 0.0886 0.2004* 0.1051 
AWARENESS1 0.1464 0.1106 0.0824 0.1197 
AWARENESS2 0.3768*** 0.1093 0.3713*** 0.1177 
 
Significant level of 10%(*), 5%(**) and 1%(***) 
Number of observations 128  128  
R
2
D
1 
0.3821  -  
ln L -220.825   -274.416   
Note:
1
 Deviance goodness-of-fit (Cameron and Trivedi 1986) 
 
We rejected the null hypotheses of SUBSIDIES, TECHADVICE, PACADVICE and 
AWARENESS2 to be significant. We accepted the other null hypotheses because they 
were non-significant. These results suggest that the factors that are positively 
influencing the farmer's decision to adopt or implement a greater number of agricultural 
practices were: advice on practices technology and management, advice on the 
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Common Agricultural Policy, economic incentives for the adoption of these practices 
and motivation or awareness of environmental type.  
According to our study keeping the other variables constant, if you increase a unit of 
advice on practices management, it is expected that mitigation practices adoption rate 
would increase by 1.0381. In the same way, if you increase by one the advice on the 
CAP, it is expected that the mitigation practices adoption rate would increase by 
0.5418. If you increase subsidies in a unit is expected to mitigation practices adoption 
rate would increase by 0.9664 and if increases in environmental awareness unit, is 
expected to mitigation practices adoption rate would increase by 0.9789. 
The other variables involved in the equation, although not significant, are showing a 
sign of regression coefficient in line with our hypothesis and it might be due to the small 
number of collected observations. 
Table 9. Marginal effects for the Poisson Regression 
 Variable Coefficient Standard error 
AGE -0.2969 0.3238 
EDUCATION 0.2944 0.2692 
LANDOWNED -0.2547 0.4764 
SIZE 0.0405 0.1351 
IRRIGATION 0.1308 0.2307 
SUBSIDIES 1.0381*** 0.2767 
TECHADVICE 1.0381*** 0.2767 
PACADVICE 0.5418** 0.2552 
AWARENESS1 0.3751 0.2716 
AWARENESS2 0.9789*** 0.2687 
 
Significant level of 10%(*), 5%(**) and 1%(***) 
 
 
6.2. Results by individual mitigation practice adoption 
The logit binomial model provides a more detailed understanding of the factors 
influencing the adoption of agricultural mitigation practices. These results define the 
influence of the factors per each individually considered mitigation practice (Table 10). 
SUBSIDIES and AWARENESS2 (environmental motivation) seem to be key factors in 
the adoption of cover crops. If you increase a unit of these variables, it is expected that 
cover crop rate would increase by 0.2727 and 0.1617 respectively. However, the 
LANDOWNED variable is negatively affecting the adoption of cover crops. If you 
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increase a tenancy unit is expected that cover crop practice rate would decrease by 
0.3326. 
Reduced tillage and direct seeding seems to be more influenced by AGE, SIZE, 
TECHADVICE and PACADVICE. If you increase a unit the age of the farmer, it is 
expected that reduced tillage rate would decrease by 0.3570. However if you increase 
a unit of hectares cropped, it is expected that reduced tillage rate would increase by 
0.901932. If you raise advice about the management of this practice, it is expected that 
the adoption rate would increase by 0.2714. In the same way, if you give advice about 
agricultural policy, it is expected that the reduced tillage adoption rate would increase 
by 0.1774. 
The influence of TECHADVICE on practices seems to be a common factor in the 
adoption of these mitigation practices, especially in the use of animal manure and the 
optimized fertilization. It is expected that for every unit of advice about these practices, 
the adoption rate of them would rise by 0.3105 of animal manure and by 0.2642 of 
optimized fertilization. Furthermore, the influence of PACADVICE seems to be a 
positive impact on the adoption of animal manure, indeed if you give advice about 
agricultural policy, it is expected that the animal manure adoption rate would increase 
by 0.2389. 
Crop rotation is positively influenced by EDUCATION, SUBSIDIES, PACADVICE and 
AWARENESS2. If you increase a unit the level of technical education, it is expected 
that crop rotation rate would increase 0.1712. If you increase a unit the financial 
incentives, it is expected that crop rotation rate would increase 0.1979. If you increase 
a unit the training of agricultural policy, it is expected that crop rotation rate would 
increase 0.2308. If you increase a unit the level of environmental concern, it is 
expected that crop rotation rate would increase 0.2109. On the other hand if a unit of 
AGE variable increases, crop rotation rate is expected that it would decrease by 
0.3433. 
The practice of intercropping is strongly influenced by SUBSIDIES. Per unit increased 
of economic incentives, it is expected that intercropping rate would increase by 0.5913. 
Other factors influencing the adoption of intercropping are IRRIGATION and 
AWARENESS2. Per unit increased of these variables, it is expected that intercropping 
rate would increase by 0.2132 and 0.3728 respectively. 
Once again, it was assumed that these results may be not showing more significant 
variables regarding to the previous hypothesis because the small number of collected 
observations. 
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Table 10. Coefficient estimates of the Binomial Regressions 
Dependent variable 
Significant 
Independent 
variable 
Regression 
Coefficient
1
 
Marginal effects 
Coefficient
1
 
Likelihood 
ratio 
COVERCROPS LANDOWNED -1.6846(0.8241)** -0.3326(0.1870) -55.26 
 
SUBSIDIES 1.5363(0.5267)*** 0.2727(0.1080)  
 
AWARENESS2 1.2337(0.6265)** 0.1617(0.0751)  
NOTILLAGE AGE -1.5220(0.5805)*** -0.3570(0.1310) -66.20 
 SIZE 0.4220(0.2248)* 0.0901(0.0474)  
 TECHADVICE 1.2731(0.4759)*** 0.2714(0.0989)  
 PACADVICE 0.9328(0.5241)* 0.1774(0.0894)  
ANIMALMANURES TECHADVICE 1.2846(0.4395)*** 0.3105(0.0992) -75.62 
OPTIFERTILIZATION TECHADVICE 1.0971(0.4277)*** 0.2642(0.0975) -75.35 
 PACADVICE 0.9760(0.5212)* 0.2389(0.1213)  
CROPROTATIONS AGE -1.5552(0.6087)** -0.3433(0.1399) -62.42 
 EDUCATION 0.9011(0.5084)* 0.1712(0.0958)  
 SUBSIDIES 1.3537(0.7071)* 0.1979(0.0792)  
 PACADVICE 1.5976(0.5137)*** 0.2308(0.0649)  
 AWARENESS2 1.1225(0.4657)** 0.2109(0.0880)  
INTERCROPPING IRRIGATION 1.1181(0.3599)*** 0.2132(0.0704) -59.06 
 SUBSIDIES 2.7496(0.6085)*** 0.5913(0.1041)  
 AWARENESS2 2.0980(0.7320)*** 0.3728(0.1034)  
1
Values in parentheses are standard errors of the estimate  
Significant level of 10%(*), 5%(**) and 1%(***) 
Total number of observations = 128  
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7. CONCLUSIONS 
7.1. Conclusions of the methodology 
A multi-disciplinary methodology has been accomplished for this study with the aim of 
enhancing the obtained results. Different methods have been combined to evaluate the 
mitigation options that are already being implemented, including the scientific scores 
from previous studies and the participatory processes engaging national and 
international experts and national farmers. The selection of participatory and social 
learning techniques (interviews and surveys) involving stakeholders, were used to map 
the current farming systems and their management and to measure how their 
mitigation preferences will significantly influence the success or failure of any mitigation 
strategy. 
The multi-disciplinary methodology builds a stronger analysis and the participatory 
process also allows the study contributes to encourage a mitigation strategy approach 
at local level for farmers and agricultural advisors. 
The multi-disciplinary analysis served to: a) validate the results of the preliminary 
literature review on mitigation practices and identify the most relevant farming systems 
and practices for mitigation in Europe; b) identify the primary mitigation measures 
already in place and those potential measures that could be implemented to facilitate 
the mitigation GHGs to expected climate change; and c) assess the different 
socioeconomic and environment factors which are influencing  the adoption of those 
measures for the farmers.  
 
7.2. Conclusions of farming systems and GHGs mitigation practices in EU-27 
Field crops, mixed farms and pasture and grasslands were found predominant main 
farming systems in EU-27, with the regions of largest agricultural extension in terms of 
hectares in Spain, Denmark, United Kingdom and Lithuania. Mixed farms, field crops 
and pasture and grasslands were found predominant secondary farming systems. 
Soft wheat, fodder on arable land and grassland were the most frequent crops in the 
main farming system with the highest crop yields in Netherlands and Ireland regions as 
well as northwest regions of Spain. The lowest crop yields in the main farming system 
were found in some regions of Spain, Italy, Finland, Lithuania and Estonia. Fodder on 
arable land and barley were the most frequent crops in the secondary farming system 
with the highest crop yields in regions of Netherlands, Belgium and France. The lowest 
crop yields in the secondary farming system were found in some regions of Spain, Italy, 
Poland, Greece, Sweden, Finland, Lithuania and Estonia. 
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Regions of case study countries showed many factors which are affecting the potential 
production in the main farming system such as water availability, rain, temperature, 
altitude and gradient, leaching, erosion, salt intrusion, pest and diseases, soil 
compaction, farm size, farmer knowledge or wet peat soils. However water availability 
remains as a common feature for most of them, especially in Mediterranean regions. 
Regions of case study countries and EU-27 countries showed different combinations of 
soil management practices for their main farming systems, nevertheless conventional 
tillage remains as a common feature for all of them.  
The mitigation practice of reduced tillage seem to be not extensively undertaken, only 
Cyprus, Halle region in Germany and Severoiztochen region in Bulgaria showed 
approximately 60-80% of reduced tillage and no region showed more than 80% of 
reduced tillage implemented of the total arable land. 
The mitigation practice of normal winter crop cover was extensively implemented, but 
only Cyprus showed more than 80% of normal winter crop cover. Cover or intermediate 
crop mitigation practices were found to be less implemented with lower percentages of 
these practices. 
The mitigation practice of crop rotation was largely implemented in Sweden, Denmark, 
Wales region in United Kingdom and Vorarlberg region in Austria, showing 
percentages higher than 80% out of total arable land. However, most of the regions 
were barely implementing residue management with percentages lower than 20% out 
of total arable land. 
Organic farming adoption percentage was very low in the most of regions of EU-27, 
with only Salzburg region in Austria and Severozapad region in Czech Republic 
showing higher percentages about 20-30%. Regarding to nitrogen fertilization, 
Netherlands and Belgium regions showed the highest amount of applying. 
The average level of farmer knowledge about mitigation practices and GHG emissions 
was only available and provided by partners for regions of case study countries. The 
regions in Mediterranean areas showed lower levels of farmer knowledge on mitigation 
practices and GHG emissions. 
 
7.3. Conclusions of the Multi-criteria Analysis 
The MCA analysis of the considered mitigation practices in agriculture suggests that 
there is no only one single practice to face the mitigation of GHG emissions. The 
combination of proper and potential mitigation practices based on different criteria is 
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essential to abate emissions and keep effectiveness under future climate change 
scenarios. 
The results of the MCA pointed out that intercropping and crop rotations were the most 
suitable mitigation practices due to their overall feasibility measured by experts’ 
perception. 
Taking into account the evaluation criteria involving the different experts’ priorities, the 
results showed that optimized fertilization and cover crops were the most suitable 
mitigation practices for both the current climate and the climate change scenario. 
Fertilization with animal manures was the last preference according to the analysis of 
composite expert priorities. The priority ratio of major importance per group of criteria 
and for every practice considered was the environmental criteria. 
  
For the current climate scenario stood out the capacity of optimized fertilization to 
enhance water quality and the extent to which the practice’s adoption contributes to 
development and transfer technology. The capacity of cover crops to enhance soil 
quality and the additional ecologic value of implementing the practice were also noted. 
The MCA analysis under current climate scenario also showed a negative effect of zero 
tillage capacity to create more farm employment and a negative effect of fertilization 
with animal manure on the additional cost of implementing the practice and on water 
quality. The negative effects led to discard these measures like feasible. For the 
climate change scenario the importance of adopting optimized fertilization and cover 
crop practices was increased due to their greatest positive effect by experts’ criteria 
perception. 
 
7.4. Conclusions of the econometric analysis 
The econometric analysis allowed identifying the different socioeconomic and 
environmental barriers and incentives for adopting mitigation practices by sampled 
Aragón farmers. 
The most frequently adopted practices by sampled Aragón farmers were crop rotations 
and reduced tillage / no tillage. The survey shown that 115 farmers out of 128 in the 
sample had adopted at least one mitigation practice which is meaning a very high 
overall adoption rate close to 90%. In fact, only 13 (c.a 10%) of these sampled Aragón 
farmers had adopted none of these mitigation practices 
The willingness to adopt mitigation practices was significant and positively influence by 
the effect of factors such as SUBSIDIES, TECHADVICE, PACADVICE and 
AWARENESS2. Economic incentives, environmental concern and advice or training on 
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agricultural policy and management of mitigation practices to farmers were found to be 
the most relevant factors for implementing more mitigation practices by sampled 
Aragón farmers. 
Other determinants according with the initial hypothesis were found to have a 
significant impact only on the adoption of some of the individual mitigation practices. In 
greater detail, the farm land tenancy (LANDOWNED) showed a negative effect on the 
adoption of cover crops. The presence of farmers with more than 35 years old (AGE) 
showed a negative effect on the adoption of reduced/ no tillage, but an increase of the 
farm size (SIZE) showed a positive impact on the adoption of this practice. In addition, 
crop rotation was positively influenced by the level of technical education 
(EDUCATION) and the adoption of intercropping was positively influenced by the 
irrigation intensity (IRRIGATION). 
The results of both logit models the Poisson and the Binomial show how the consistent 
are the hypotheses raised to be significant variables, excepting the policy concern. It 
may be due to an environmental awareness is more influence and hence is preferable 
to policy awareness for adopting mitigation practices. 
Based on these results, agricultural European policy and measures on mitigation 
should be built on evaluations of local incentives and engage the collaboration of 
farmers and advisors. The design of mitigation measures and practices has to give a 
special importance to local farmer and production characteristics, as well as farmer 
behavioral traits including economic and environmental concern.  
The scientific dissemination and the information about technical management and 
agricultural policies of mitigation practices have to reach the farmers by improvements 
on extension services. The current farm advisory service is limited and barely funded 
(EC 2010), especially in Spain.  
The study showed the economic factor to have very significant impact on the 
implementation of mitigation practices in Aragón. Smith et al. (2008) showed that the 
economic limitations may be a strong barrier on the adoption of mitigation practices, 
reducing the agricultural GHG mitigation to less than 35% of the total biophysical 
potential by 2030.  
The challenge for successful agricultural GHG mitigation will be focus towards 
identification of policies that remove barriers on socio-economic aspects and advisory 
services, making stronger the adoption of effective agricultural practices on GHG 
mitigation at local level. 
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8. FURTHER RESEARCH 
The current research will be expanded in the next two years for the achievement of a 
doctoral thesis. This extension of the study will consist of the following individual 
objectives. 
An extension of the discussion of results will be necessary. The next research will 
include further and deeper discussion of the results as a result of the revision that will 
be carried out after the evaluation by qualified professors, including their comments 
and suggestions. In addition, a new revision will be necessary to take into account any 
changes in the next reform of the Common Agricultural Policy to achieve the new 
mitigation objectives established for the CAP in the horizon 2014-2020. It will be also 
necessary to take into account the Fifth Assessment Report (AR5) of the United 
Nations Intergovernmental Panel on Climate Change (IPCC) which is now ongoing and 
is expected to be submitted in 2014. The AR5 will provide an update of knowledge on 
scientific, technical and socio-economic information about climate change and potential 
effects and measures for adaptation and mitigation.  
Furthermore, the econometric modeling work performed in the thesis to obtain the 
farmer’s response to adopt mitigation practices, is assumed to have considerable 
scope error due to the small number of observations. The reduced sample is causing 
that many of the socio-economic and environmental factors hypothesized to influence 
the adoption of mitigation practices are not significant. As a limitation of this study, 
there are many improvements that could be introduced in the econometric model, and 
model the adoption of mitigation practices. To meet the goal of increasing the number 
of observations, a bigger data collection by farmers’ survey will be carried out. 
The PhD proposal is based in a comparison between the analysis presented in this 
thesis and a similar one in another non Mediterranean European region, in order to 
establish the different needs and determinants for mitigation policy between them. 
The results obtained should agronomical and socio-economical characterize the two 
case studies, defining the potential mitigation practices for the two regions, as well as 
the barriers and motivations to adopt them by farmers. The future thesis will determine 
the role of farmers in the mitigation policy due to so far it has been barely shown. That 
is why will be important to formulate a methodology approach that is able to measure 
both the agronomical potential and the socio-economic determinants taking into 
account the structural differences between the two countries to make easier the 
comparison. 
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10. ANNEX 
10.1. Survey to country experts to define practices across EU-27 
 
Data at the case study level 
The caste study managers in SmartSOIL will fill the Questions in the revised excel 
database and explained below from what they know about the case, from national or 
European databases,  interviews with farm advisors or otherwise (e.g. UK from UK 
farm survey, NL and DK from national surveys if possible). 
You may also find many of requested data available from Eurostat Farm Structure 
Survey database (Total area UUA, standard output (SO), irrigation, areas of different 
crops...) 
http://epp.Eurostat.ec.europa.eu/portal/page/portal/region_cities/regional_statistics/dat
a/database. Expand Regional statistics by NUTS classification (reg), click on Structure 
of agricultural holdings (reg_ef), Structure of agricultural holdings 2010 (reg_ef_2010), 
Key farm variables (reg_ef_kv). Please select data, search for region, year (as recent 
as possible), then indicator and press update. 
Indicators (questions) in the database 
The indicators in the database are presented as questions (Q1 to Qx). The questions 
are described below. 
Q1. Main farming system (largest occupied area) 
Select only one of the following options that best represent the main farming system at 
the Nuts2 level.  
Possible answers: Permanent crops; Field crops; Horticulture; Pasture and grasslands; 
Industrial crops; Agro-forestry; Mixed farmland; Other (please specify)  
Q2. Total area UUA 
Area occupied by main farming system. Ha of total agricultural area at the NUT2 level.  
Q3. Farm profits – Standard output 
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Indicator of the economy of farming business (€) (from EUROSTAT 2011) 
Q4. Main soil management practices of the main farming system 
Select only one of the following options that best represent the main management 
practices at the Nuts2 level. For Permanent crops, the possible choices are: Reduced 
tillage (RT); Spontaneous catch crops (CC1); Cultivated catch crops (CC2); Residue 
Management (RM); RT + CC1/CC2 + RM; RT + CC1/CC2; Other combination. For 
Field crops: Reduced tillage (RT); Conventional tillage (CT); Direct planting (DP); 
Rotation and adding legumes (RA); Residues Management (RM); RT + DP + RA + RM; 
RT + DP + RA; CT + RA; Other combination. For Horticulture; For Pasture and 
grasslands; Spontaneous or Managed by farmer. 
Q5. Main crops  
Possible answers: 1-3 main crops at the Nuts2 level (National surveys and information)  
Q6. Area of main farming system (ha) 
Hectares of total main farming system area 
Q7. Area of main farming system (%) 
Percent value of total main farming system area by total agricultural area 
Q8. Irrigated area  
Percent value of main crop irrigated area/main crop total (EUROSTAT; FAO; National 
Surveys) 
Q9. Main crop yield 
Main crop average yield (kg/ha), at NUT2 level. 
Q10. Main limiting factor to attain potential production 
Eg: water availability, rain, temperature, humidity, plant or seed variety,market… 
Q11. Total fertilizer use 
Average nitrogen fertiliser use (kg /ha).  Average fertilizer quantity per hectare used 
just for main crop at the NUT2 region. 
Q12. Climate classification  
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Choose between following options: Mediterranean; Oceanic; Continental; Tundra; 
Mountain 
Q13. Area of organic farming (% of total) 
Percentage of area dedicated to organic farming in the main agricultural system at 
NUT2 level (National surveys) 
Q14. Main soil type 
Main soil type: Use USDA soil taxonomy: Alfisols; Andisols; Aridisols; Entisols; 
Gelisols; Histosols; Inceptisols; Mollisols; Oxisols; Spodosols; Ultisols; Vertisols; 
Q15. Secondary farming system (second occupied area) 
Select only one of the following options that best represent the second farming system 
at the Nuts2 level. Possible answers: Permanent crops; Field crops; Horticulture; 
Pasture and grasslands; Industrial crops; Agro-forestry; Mixed farmland; Other (please 
specify) 
Q16. Main crops in the secondary farming system 
Select only one of the following options that best represent the main management 
practices at the Nuts2 level. For Permanent crops, the possible choices are: Reduced 
tillage (RT); Spontaneous catch crops (CC1); Cultivated catch crops (CC2); Residue 
Management (RM); RT + CC1/CC2 + RM; RT + CC1/CC2; Other combination. For 
Field crops: Reduced tillage (RT); Conventional tillage (CT); Direct planting (DP); 
Rotation and adding legumes (RA); Residues Management (RM); RT + DP + RA + RM; 
RT + DP + RA; CT + RA; Other combination. For Horticulture; For Pasture and 
grasslands; Spontaneous or Managed by farmer. 
Q17. Area of second farming system (ha)  
Hectares of total main farming system area 
Q18. Area of second crop (% of agricultural area) 
Percent value of total second farming system area by total agricultural area 
Q19. Second farming system irrigated area (% total area) 
Percent value of second crop irrigated area/second crop total (EUROSTAT; FAO; 
National Surveys) 
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Q20. 2nd Crop yield (kg/ha) 
Second crop average yield (kg/ha), at NUT2 level. 
Q21. Total fertilizer use (kgN/ha) 
Average nitrogen fertiliser use (kg /ha).  Average fertilizer quantity per hectare used 
just for main crop at the NUT2 region. 
Q22. Farmer`s formation level about soil management and GHG emissions 
Identify the average level of farmer`s formation level about soil management and GHG 
emissions associated using next categories: No knowledge; Low; Medium; High; Very 
high. 
Q23. References  
Please include here all the references that you have used to fill the template. 
 
 
10.2. Expert panel composition and survey 
 
Nº ENTIDAD EXPERTO 
1 CSIC-EEZ Germán Tortosa 
2 CSIC-EEAD Jorge Alvaro-Fuentes 
3 UPM Alberto Sanz-Cobeña 
4 Universidad Miguel Hernández de Elche Raúl Moral Herrero 
5 UPM, CEIGRAM Ana Iglesias 
6 Universidad de Santiago de Compostela María Rosa Mosquera-Losada 
7 CNRS/UPMC Luis Lassaletta 
8 NEIKER-Tecnalia Pilar Merino 
9 Universitat Politécnica de Valencia (UPV) Fernando Estellés 
10 COAG Felipe Medina 
11 CSIC José Luis Arrúe 
12 Universidad de Lleida Carlos Cantero 
13 Universidad de Lleida Daniel Plaza  
14 CSIC María Martínez-Mena     
15 CSIC Maria Almagro  
16 Universidad Pública de Navarra  Iñigo Virto  
17 CIDA Fernando Peregrina  
18 CSIC José Manuel Murillo 
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Enero de 2013, Madrid 
OBJETIVOS  
El proyecto que se está llevando a cabo pretende desarrollar una guía de apoyo a la 
toma de decisiones adecuadas en la implementación de medidas de mitigación del 
cambio climático. El proyecto tiene como objetivo analizar las prácticas agrarias más 
apropiadas para cada región y tipo de agricultores en Europa. El equipo de la UPM 
analiza la agricultura de la región Mediterránea en Europa y las necesidades concretas 
de los agricultores en España.   
 
OBJETIVOS DEL PROCESO DE CONSULTA 
Los resultados obtenidos en una primera fase de consulta con grupos de interés, han 
reflejado la necesidad de ampliar el conocimiento sobre las barreras e incentivos para 
el desarrollo y la aplicación de prácticas agrarias que mitiguen el cambio climático, 
desde el punto de vista técnico y socio-económico. 
La valiosa participación de los expertos es necesaria para analizar qué prácticas 
agrarias de mitigación específicas son más necesarias y apropiadas en los agro-
sistemas mediterráneos y que impedimentos o incentivos presenta su implementación. 
Con esta encuesta, se evalúan las prácticas de gestión de suelos que favorecen la 
mitigación al cambio climático, en función de criterios económicos, sociales y medio 
ambientales. La valoración de estas medidas se realizará mediante un Análisis Multi-
Criterio apoyado en la metodología propuesta por Naciones Unidas (http://unfccc.int/). 
Nos dirigimos a usted como experto en el tema y solicitamos su colaboración para 
determinar la idoneidad de las propuestas presentadas. 
Apreciamos su participación en la realización de esta encuesta, que no incluye 
identificación del encuestado para garantizar el anonimato de las respuestas. 
Gracias de antemano, en nombre el equipo del proyecto. 
 
ENCUESTA 
Por favor responda a dos preguntas generales (P1 y P2) y evalúe seis medidas de 
mitigación (A1, A2, A3, A4, A5 y A6) 
(Duración aproximada 25-30 minutos) 
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P1. La aplicación de buenas prácticas agrícolas  con un impacto positivo  en la 
mitigación del cambio climático puede conllevar efectos beneficiosos y/o perjudiciales 
sobre aspectos económicos, sociales y ambientales. 
Por favor, indique en la tabla qué importancia o peso debe tener cada uno de estos 
aspectos para evaluar posibles prácticas de manejo agrícola encaminadas a mitigar el 
cambio climático (la suma de los porcentajes de los aspectos debe ser igual a 100). 
 
Aspectos Peso (%) ∑total = 100 
Económico  
Social  
Ambiental  
 
P2. La aplicación de prácticas agrícolas con un impacto positivo en la mitigación del 
cambio climático conlleva una modificación de la situación actual de los criterios 
económicos, sociales y ambientales. 
Por favor, indique en la tabla qué importancia debería tener cada uno de estos criterios  
en la evaluación de las distintas medidas de adaptación.  
0  10 
Nada importante Muy importante 
 
Aspectos Criterios 
Importancia  
(0–10) 
Económico 
Dependencia de subvenciones de la PAC  
Variaciones en el rendimiento de las cosechas (incremento o 
reducción) 
 
Generación de empleo  
Coste de implementación  
Viabilidad económica  
Social 
Desarrollo y mantenimiento rural  
Nivel de asociacionismo y agrupación entre agricultores  
Nivel de formación y capacitación de los agricultores  
Desarrollo y fomento de transferencia tecnológica   
Ambiental 
Capacidad de regulación de emisiones (potencial de mitigación)  
Capacidad de mejorar la calidad de los suelos  
Capacidad de mejorar la calidad de las aguas  
Valor ecológico del entorno  
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A. MEDIDAS DE MITIGACIÓN: Valoración de las prácticas de mitigación propuestas. 
Por favor, indique para cada medida los posibles efectos de su implementación 
respecto a la situación existente sin la aplicación de la medida, siguiendo los criterios 
que se indican a continuación.   
 
MEDIDAS PROPUESTAS A EVALUAR POR USTEDES (en las páginas siguientes) 
A1. Cubiertas vegetales (viva o inerte) en cultivos leñosos 
A2. Laboreo reducido / siembra directa 
A3. Utilización de residuos de origen animal  
A4. Optimización de la fertilización  
A5. Rotación de cultivos 
A6. Asociación de cultivos 
 
CRITERIO DE EVALUACIÓN:  
-100% 0 +100% 
   
Efecto muy 
negativo 
Efecto neutro Efecto muy positivo 
 
Las medidas deberán evaluarse expresando su efecto para distintos criterios y en dos 
escenarios distintos de emisiones (escenario de clima actual y escenario de cambio 
climático). El valor deberá estar comprendido entre -100 y +100, considerando que -
100 corresponde al mayor efecto negativo de las medidas de mitigación propuestas, 
+100 al mayor efecto positivo y 0 si la medida de mitigación no afecta sobre ese 
criterio.  
Escenarios de clima futuro: Puesto que el clima futuro puede ser distinto del actual, se 
proponen dos escenarios futuros: uno con un clima similar al actual (clima actual) y 
otro con un clima más cálido y seco que el actual (cambio climático) que implique 
mayor escasez de agua y aumento de temperatura (este escenario es el que proyecta 
el CEDEX como más probable, con una disminución de precipitaciones media anual 
del 8% y un aumento medio de temperatura de 2 grados centígrados para la década 
del 2040). 
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Ejemplo de medida de adaptación hipotético: “construcción de una autopista sobre un parque 
natural” para mejorar las condiciones económicas de la zona 
 
Criterios Valor (de -100 a +100) 
Escenario con el 
clima actual 
Escenario con 
cambio climático 
Generación de empleo 10* 10* 
Valor ecológico del entorno -70** -90** 
Desarrollo y mantenimiento rural 0*** 0*** 
Estas son las justificaciones para la puntuación de las medidas. No hace falta que ustedes 
justifiquen el razonamiento de su evaluación. 
(*) Un ligero aumento del número de trabajadores del Parque Natural debido a un ligero 
aumento del número de visitantes, independientemente del tipo de clima 
(**) Se altera y disminuye muy negativamente el valor ecológico, más en el escenario más 
seco 
(***) Se considera que no influye en ninguno de los escenarios 
 
 
A1. MEDIDA DE MITIGACIÓN 1: Cubiertas vegetales (viva/ inerte) en cultivos leñosos 
La práctica consiste en mantener, entre las líneas de los árboles, vegetación herbácea 
proveniente de una siembra o bien de especies espontáneas. Se considera también la 
aplicación de mulchs con productos inertes en la superficie del suelo. El objetivo de la 
práctica es mejorar la fertilidad y conservación de agua en el suelo. Esta práctica 
genera un incremento en los stocks de C orgánico en el suelo y, por tanto, un 
secuestro de C atmosférico. 
Criterios 
Valor (de -100 a +100) 
Escenario 
clima actual 
Escenario 
cambio 
climatic 
Dependencia de subvenciones de la PAC   
Variaciones de productividad   
Generación de empleo   
Coste de implementación   
Viabilidad económica   
Desarrollo y mantenimiento rural   
Nivel de asociacionismo y agrupación entre agricultores   
Nivel de formación y capacitación de los agricultores   
Desarrollo y fomento de transferencia tecnológica   
Capacidad de regulación de emisiones (potencial de mitigación)   
Capacidad de mejorar la calidad de suelos   
Capacidad de mejorar la calidad de aguas   
Valor ecológico del entorno   
 Valor (de 0 a 100) 
Viabilidad de la implementación de la práctica de mitigación  
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A2. MEDIDA DE MITIGACIÓN 2: Laboreo reducido / siembra directa 
La práctica consiste en disminuir la intensidad del laboreo del suelo mediante técnicas 
de laboreo superficial o de no laboreo. Esta disminución del laboreo genera una 
reducción en las tasas de descomposición de la materia orgánica del suelo 
aumentando, así, el almacenamiento de C en el suelo. 
Criterios 
Valor (de -100 a +100) 
Escenario 
clima actual 
Escenario 
cambio 
climático 
Dependencia de subvenciones de la PAC   
Variaciones de productividad   
Generación de empleo   
Coste de implementación   
Viabilidad económica   
Desarrollo y mantenimiento rural   
Nivel de asociacionismo y agrupación entre agricultores   
Nivel de formación y capacitación de los agricultores   
Desarrollo y fomento de transferencia tecnológica   
Capacidad de regulación de emisiones (potencial de mitigación)   
Capacidad de mejorar la calidad de suelos   
Capacidad de mejorar la calidad de aguas   
Valor ecológico del entorno   
 Valor (de 0 a 100) 
Viabilidad de la implementación de la práctica de mitigación  
 
 
A3. MEDIDA DE MITIGACIÓN 3: Utilización de residuos de origen animal  
La aplicación de residuos de origen animal (estiércoles, purines, gallinaza,…) en 
suelos agrícolas como productos fertilizantes permite incrementar los niveles de C 
orgánico en los suelos agrícolas, debido al contenido en compuestos orgánicos de 
estos productos. 
Criterios 
Valor (de -100 a +100) 
Escenario 
clima actual 
Escenario 
cambio 
climático 
Dependencia de subvenciones de la PAC   
Variaciones de productividad   
Generación de empleo   
Coste de implementación   
Viabilidad económica   
Desarrollo y mantenimiento rural   
Nivel de asociacionismo y agrupación entre agricultores   
Nivel de formación y capacitación de los agricultores   
Desarrollo y fomento de transferencia tecnológica   
Capacidad de regulación de emisiones (potencial de mitigación)   
Capacidad de mejorar la calidad de suelos   
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Capacidad de mejorar la calidad de aguas   
Valor ecológico del entorno   
 Valor (de 0 a 100) 
Viabilidad de la implementación de la práctica de mitigación  
 
 
A4. MEDIDA DE MITIGACIÓN 4: Optimización de la fertilización  
La optimización de la fertilización en función de las necesidades del cultivo y de los 
niveles de nutrientes existentes en los suelos permite disminuir las emisiones de gases 
de efecto invernadero asociadas a esta práctica, especialmente las de óxido de 
nitroso. 
Criterios 
Valor (de -100 a +100) 
Escenario 
clima actual 
Escenario 
cambio 
climático 
Dependencia de subvenciones de la PAC   
Variaciones de productividad   
Generación de empleo   
Coste de implementación   
Viabilidad económica   
Desarrollo y mantenimiento rural   
Nivel de asociacionismo y agrupación entre agricultores   
Nivel de formación y capacitación de los agricultores   
Desarrollo y fomento de transferencia tecnológica   
Capacidad de regulación de emisiones (potencial de mitigación)   
Capacidad de mejorar la calidad de suelos   
Capacidad de mejorar la calidad de aguas   
Valor ecológico del entorno   
 Valor (de 0 a 100) 
Viabilidad de la implementación de la práctica de mitigación  
 
 
A5. MEDIDA DE MITIGACIÓN 5: Rotación de cultivos 
En una misma parcela, la sucesión de diferentes cultivos tiene varios beneficios 
agronómicos y medioambientales entre los que destaca un incremento en los stocks 
de C orgánico del suelo y en un menor uso de fertilizantes nitrogenados y, por tanto, 
en una menor emisión de óxidos de nitroso. 
Criterios 
Valor (de -100 a +100) 
Escenario 
clima actual 
Escenario 
cambio 
climático 
Dependencia de subvenciones de la PAC   
Variaciones de productividad   
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Generación de empleo   
Coste de implementación   
Viabilidad económica   
Desarrollo y mantenimiento rural   
Nivel de asociacionismo y agrupación entre agricultores   
Nivel de formación y capacitación de los agricultores   
Desarrollo y fomento de transferencia tecnológica   
Capacidad de regulación de emisiones (potencial de mitigación)   
Capacidad de mejorar la calidad de suelos   
Capacidad de mejorar la calidad de aguas   
Valor ecológico del entorno   
 Valor (de 0 a 100) 
Viabilidad de la implementación de la práctica de mitigación  
 
 
A6. MEDIDA DE MITIGACIÓN 6: Asociación de cultivos  
Esta práctica consiste en la asociación de dos cultivos en la misma parcela, como por 
ejemplo las asociaciones cereal-leguminosa. Al igual que la medida anterior, estas 
asociaciones permiten una mejor utilización de los nutrientes del suelo disminuyendo 
las emisiones asociadas al uso de fertilizantes. También llevan a un mayor secuestro 
de C en el suelo.  
Criterios 
Valor (de -100 a +100) 
Escenario 
clima actual 
Escenario 
cambio 
climatic 
Dependencia de subvenciones de la PAC   
Variaciones de productividad   
Generación de empleo   
Coste de implementación   
Viabilidad económica   
Desarrollo y mantenimiento rural   
Nivel de asociacionismo y agrupación entre agricultores   
Nivel de formación y capacitación de los agricultores   
Desarrollo y fomento de transferencia tecnológica   
Capacidad de regulación de emisiones (potencial de mitigación)   
Capacidad de mejorar la calidad de suelos   
Capacidad de mejorar la calidad de aguas   
Valor ecológico del entorno   
 Valor (de 0 a 100) 
Viabilidad de la implementación de la práctica de mitigación  
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10.3. Farmers survey  
Contexto: 
 Se trata de evaluar que prácticas agrarias son más apropiadas para cada 
región y tipo de agricultores en Europa.  
 El equipo de la Universidad Politécnica de Madrid analiza las necesidades 
concretas de los agricultores en España.   
Objetivos de la Encuesta. La valiosa participación de los agricultores es necesaria para 
analizar: 
 Las prácticas agrarias específicas en España frente a la mitigación del cambio 
climático en la nueva PAC. 
 Qué necesidades de formación son aconsejables. 
Datos sobre la encuesta: La Encuesta se realizará a 200 agricultores y técnicos 
agrarios, consta de 16 preguntas y se puede responder en 10 minutos. Se recoge 
información sobre: 
 Breve descripción del experto (encuestado) (preguntas 1 a 5) 
 Barreras e incentivos para la aplicación de prácticas agrarias que mitiguen el 
cambio climático, desde el punto de vista técnico y frente al verdeo de la PAC. 
(preguntas 5 a 16) 
 
1. ¿Género? 
 Mujer 
 Hombre 
2. ¿Edad? 
 Menor o igual a 35 años 
 36 – 64 años 
 Mayor o igual a 65 años 
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3. ¿Estado civil? 
 Casado 
 Soltero 
4. ¿Estado familiar? 
 Con hijos 
 Sin hijos 
5. ¿Nivel de estudios? 
 Ninguno 
 Enseñanza obligatoria 
 Bachillerato / Formación profesional 
 Título universitario 
6. Provincia donde está su explotación agraria  
      
7. ¿Cuál es el tamaño de su explotación?  
 Menor de 10 hectáreas 
 10-50 hectáreas 
 50-100 hectáreas 
 Mayor de 100 hectáreas 
8. ¿Cuál es el tipo de tenencia de su explotación? 
 Propietario 
 No propietario (arrendatario u otro tipo de convenio) 
 Ambos 
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9. Características de su explotación 
 Regadío 
 Secano 
 Ambos 
10. ¿Compatibiliza su actividad en la explotación con la cría de animales (Ganadería)? 
 Sí 
 No 
11. Por favor, indique si lleva a cabo alguna de las siguientes prácticas beneficiosas 
para el medioambiente en su explotación  
 Cubiertas vegetales (viva o inerte) en cultivos leñosos 
 Laboreo reducido / siembra directa 
 Utilización de residuos de origen animal (por ej., purines, estiércoles, …) 
 Optimización de la fertilización (por ej., utilización de analíticas de suelo, 
considerar el rendimiento estimado, …) 
 Rotación de cultivos 
 Asociación de cultivos (por ej. asociaciones cereal-leguminosa) 
 Ninguna  
 Otras (por favor especifique)  
11. ¿Ha recibido asesoramiento técnico sobre las posibles ventajas/desventajas de 
implementar estas prácticas en su explotación?  
 Sí 
 No 
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12. ¿Ha recibido algún incentivo económico por la aplicación de alguna de las 
prácticas de manejo citadas en la pregunta 11?  
 Sí 
 No 
13. ¿Ha recibido asesoramiento técnico sobre los posibles efectos del cambio 
climático sobre los rendimientos de su explotación?  
 Sí 
 No 
15. ¿Ha recibido asesoramiento sobre las medidas del cambio climático que van a 
formar parte del “verdeo” de la nueva Política Agrícola Común (PAC) que se pueden 
aplicar en su explotación?  
 Sí 
 No 
16. Si la nueva PAC incentivara la adopción de nuevas prácticas de manejo para 
mitigar el cambio climático ¿estaría dispuesto a implementarlas? (siempre 
considerando que fueran económicamente igual de rentables que las que realiza 
actualmente) 
 Sí, para adaptarme a la nueva PAC 
 Sí, por motivos medioambientales 
 No, porque estoy satisfecho con mi situación actual 
 No, porque no creo en el cambio climático 
 No, otros motivos (por favor especifique) 
 Sí, otros motivos (por favor especifique) 
 
